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Substituted 4-Biarylbutyric or 5-Biarylpentanoic Acids and Derivatives as 
Matrix Metalloprotease Inhibitors 

This is a Continuation in Part of Application Serial No. 08/339,846, filed 
5 November 15, 1994, which is hereby incorporated by reference. 

Field 

This invention relates to enzyme inhibitors, and more particularly, to 
novel 4-biarylbutyric or 5-biarylpentanoic acid compounds or derivatives 
10 thereof useful for inhibiting matrix metalloproteases. 

Background 

The matrix metalloproteases (aka. matrix metalloendo-proteinases or 
MMPs) are a family of zinc endoproteinases which include, but are not limited 

15 to, interstitial collagenase (aka. MMP-1), stromelysin (aka. proteoglycanase, 
transin, or MMP-3), gelatinase A (aka. 72kDa-gelatinase or MMP-2) and 
gelatinase B (aka. 95kDa-gelatinase or MMP-9). These MMPs are secreted by a 
variety of cells including fibroblasts and chondrocytes, along with natural 
proteinatious inhibitors known as TIMPs (Tissue Inhibitor of 

20 MetalloProteinase). 

All of these MMPs are capable of destroying a variety of connective 
tissue components of articular cartilage or basement membranes. Each MMP 
is secreted as an inactive proenzyme which must be cleaved in a subsequent 
step before it is able to exert its own proteolytic activity. In addition to the 

25 matrix destroying effect, certain of these MMPs such as MMP-3 have been 
implemented as the in vivo activator for other MMPs such as MMP-1 and 
MMP-9 (A. Ho, H. Nagase, Arch Biochem Biophys., 267, 211-16 (1988); Y. Ogata, 
JJ. Enghild, H. Nagase, J. Biol. Chem., 267, 3581-84 (1992)). Thus, a cascade of 
proteolytic activity can be initiated by an excess of MMP-3. It follows that 

30 specific MMP-3 inhibitors should limit the activity of other MMPs that are not 
directly inhibited by such inhibitors. 

It has also been reported that MMP-3 can cleave and thereby inactivate 
the endogenous inhibitors of other proteinases such as elastase (P.G.Winyard, 
Z. Zhang, K. Chidwick, D.R Blake, R.W. Carrel! G., Murphy, FEBS Letts., 2Z2, 

35 1, 91-94 (1991)). Inhibitors of MMP-3 could thus influence the activity of other 
destructive proteinases by modifying the level of their endogenous inhibitors. 

A number of diseases are thought to be mediated by excess or undesired 
matrix-destroying metalloprotease activity or by an imbalance in the ratio of 
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the MMPs . the TIM*. These include: a) osleoarthnu <Wc-~. « £ • 
Biochetogica, Chem.. 252(6), 3633-3638 0984); J. Fheumato! 12, BHnM 
W rheumatoid arthritis (D.E. Muffins, et al.. Biochim. B.ophys Acta 625, 117 
2 4 (1983); Arthritis and Rheumatism, 22, I2S1-I» "977); Arthnhs and 
^e— , 3^ 1076-1105 (19,1,,, c, septic arthriHs , <R* ~ ^ 
Arthr. Rheum., 51 533-11 (1990,,, d) tumor me.as.asts (R. Retch, « .1, 
Res., tf, 3307-3312 (1988,, and LM. Matrisian, et al., Proc. Nat I Acad Sc. USA 
» WW (1986,), e, periodontal diseases (CM. Overall e. a.., Penodonu, 
Res., 22, 81-88 (1987,,, f) corneal ulceration (F.R. Burn,, et .1.. Invest 
Opthalmol., 22, 1569-1575 (1989)), g) proteinuria (W.H. Bancos, e al., Btochem 
^ 609^2 (1988),, h, coronary thromhosis £*J 
up^e (A.M. Henney, e. al.. Proc. Natl. Acad. Sc.. USA » MSWW d« 
0 aneurysmal aortic disease (N. Vine and J.T. Powell Cl.n Sew «» 
(1991)). )) birth control (I.F. Woessner. e. al. Stero.ds. 54, 491-499 0989ft k) 
d yZ,hohic epidermo,ysis buUosa (A. Kronberger, et a)., , Invest. Dermahft 
» 208^211 0982,,. and 1, degenerative cartilage loss fo.low.ng — < 

conditions leading to inflammatory responses os.eopen.as med^ted 
by MMP acttvity. tempero mandibular join, disease. demye)a,.ng d.seasea of 
the nervous system, etc (,. Neurochem., 52. 688-694 0988,) 

The need for new therapies is especially important ,n "-=««<" 
arthritic diseases. The primary disabling effect of oe.eoar.hrms (OA) 
^umatoid arthritis (RA) and septic arthritis is the progress.ve W. o 
articular cartilage and thereby normal io.n. uncuon Sc ■ « 
pharmaceutical agent is able to prevent or slow Ih.s cart.lapc loss, although 
pnarmaLeuuc & /MCAind havo wpc?n c iven to control 

nonsteroidal antiinflammatory drugs (NSAIDs) hate been g 
pain and swelling. The end result o, these diseases ,s tot los «P 
Lction which is only treatable by join, replacement surgery. MMP mtodor 
are expected to halt or reverse .he progression of cartdage loss and obvute or 

dday Z":ta, elements a, severe, stages in the progression of 
metes", fn this process, the proteolytic 

2nZ r A."or induced angiogenesis is = 
; grow* and is dependent on proteose ..ssue ^«rix 
experiment with various types of proteases have shown that the m 
meWo-eases play a dominant ro.e in these P™ J" 
gelatin^ A and B (MMP-2 and MMP-9. respechvely). For an ovenvew 
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this field see Biochimica et Biophysica Acta 695 (1983), 177-214; Eur. Respir. J. 7 
(1994), 2062-2072; Critical Reviews in Oral Biology and Medicine 4 (1993), 197- 
250. 

Furthermore, it could be shown that inhibition of degradation of 
5 extracellular matrix by the native matrix metalloprotease inhibitor TIMP-2 (a 
protein) arrests cancer growth (Cancer Res. 52, 701-708, 1992) and that TIMP-2 
inhibits tumor-induced angiogenesis in experimental systems (Science 248, 
1408-1410, 1990). For a review see Annals of the New York Academy of 
Sciences 1994, 222-232. It was furthermore demonstrated that the synthetic 

10 matrix metalloprotease inhibitor batimastat when given intraperitoneal^ 
inhibits human colon tumor growth and spread in an orthotopic model in 
nude mice (Cancer Res. 54, 4726-4728, 1994) and prolongs the survival of mice 
bearing human ovarian carcinoma xenografts (Cancer Res. 53, 2087-2091, 1993). 
The use of this and related compounds has been described in WO-A-9321942. 

15 There are several patents and patent applications claiming the use of 

metalloproteinase inhibitors for the retardation of metastatic cancer, 
promoting tumor regression, inhibiting cancer cell proliferation, slowing or 
preventing of cartilage loss associated with osteoarthritis or for treatment of 
other diseases as noted above (e.g. WO-A-9519965, WO-A-9519956, WO-A- 

20 9519957, WO-A-9519961, WO-A-9321942, WO-A-9321942, WO-9421625, U.S. 
Pat. No. 4399,361; U.S. Pat. No. 5,190,937; EP 0574 758 Al, published December 
22, 1993; EP 026 436 Al published August 3, 1988; and EP 0520 573 Al, 
published December 30, 1992). The preferred compounds of these patents have 
peptide backbones with a zinc complexing group (hydroxamic acid, thiol, 

25 carboxylic acid or phosphinic acid) at one end and a variety of sidechains, both 
those found in the natural amino acids as well as those with more novel 
functional groups. Such small peptides are often poorly absorbed, exhibiting 
low oral bioavailability. They are also subject to rapid proteolytic metabolism, 
thus having short half lives. As an example, batimastat, the compound 

30 described in WO-A-9321942, can only be given intraperitoneally. 

Certain 3-biphenoylpropanoic and 4-biaryloylbutanoic acids are 
described in the literature as anti-inflammatory, anti-platelet aggregation, anti- 
phlogistic, anti-proliferative, hypolipidemic, antirheumatic, analgesic, and 
hypocholesterolemic agents. In none of these examples is a reference made to 
35 MMP inhibition as a mechanism for the claimed therapeutic effect. Certain 
related compounds are also used as intermediates in the preparation of liquid 
crystals. 
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Specifically US patent 3,784,701 claims certain substituted 
benzoylpropionic acids to treat inflammation and pain. These compounds 
include 3-biphenoylpropanoic acid (aka fenbufen) shown below. 



Fenbufen 

5 

R.G. Quid. e. al.. J. Phann. Sci.. *J>, 46W76 (1977) describ« suture- 
active relationships of several analogs ol fenbufen. These mdude severe 
expounds in which ft. bipheny. ring system is subsdruted or the p^ 

,0 add pordon is substituted with phenyl, halogen, hydroxy! or methyl, or the 
carbolic add or carbony! functions are converted ,0 a vanety of^ denv.bves. 
No compounds are described which contain a 4 '-substituted btphenyl and a 
substituted propanoic add pordon combined in one molecule. The phenyl 
^unds XI^V and UCXVn, and methyl (compound XLVn.) substituted 

15 compounds shown below were described as inacuve. 




XLVIH 



XLK 




LXXV1I 



K. K. Kameo, e, al., Chem. Pharm. Bu.l„ 3*. 2050-2060 and JP pa«n 
20 62132825 describe certain substituted J-biphenoylproptontc actd *™>™» 
and analogs thereof induding the foUowing. Various compound * 
substiruents on the propionic add pordon are described, bu, drey do no. 
contain biphenyl residues. 



4 



WO 96/15096 



PCI7US95/14002 




X = H, 4'-Br, 4'-CI, 4'-CH 3 and 2'-Br 



H. Cousse, et al., Eur. J. Med. Chem., 22, 45-57 (1987) describe the 
following methyl and methylene substituted 3-biphenoyl-propanoic and 
5 -propenoic acids. The corresponding compounds in which the carbonyl is 
replaced with either CHOH or CH2 are also described. 




X = H. CI, Br, CH30, F and NH 2 



10 German Patent Application No. 19 57 750 of Tomae also describes 

certain of the above methylene substituted biphenoylpropanoic acids. 

M.A. El-Hashsh, et al., Revue Roum. Chinv, 21, 1381-1588 (1978) 
describe products derived from b-aroyl-acrylic acid epoxides including the 
following biphenyl compound. No compounds substituted on the biphenyl 

15 portion are described. 
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15 



OH 



T. Ki.an.ur,, « a... Japanese Paten. Application No. 8W5795 84M04 
describes certain biphenyl compounds used as in.ermed.ates or the 
productton of liquid crysrafc including the following. The biphenyl a no. 
5 substituted in these intermediates. 

R 1 O 
R 1 = alkyl of 1- 10 carbons 

German Patent No. 28 54 475 uses the following compound as an 
10 intermediate. The biphenyl group is not substituted. 

O-OW" 

o 

A. Sammou, e, al, Egypt J. Chem. 15, 311-327 (1972) and J. Couquele,, « 
a,., BuU. Soc. Chim. Fr., L 3196-9 (1971, describe certa.n *alky.ammo 
substituted biphenoy.propanoic acids including the followng. In no case 
the biphenyl group substituted. 



R 2 

OH 



r, , R, = alkyl, benzyl. H 

and morpholine ring together with the N.trogen 



It would be desirable to have effective MMP inhibitors wh.c ^posse* 
improved bioavailablity and biological stability relative to the P**""* 
Zpounds of the prior art, and which can be optimized for use a m 
partfcular target MMP, Such compounds are the subject of the present 
25 application. 
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Summary 

This invention relates to compounds having matrix metalloprotease 
inhibitory activity and the generalized formula: 

5 (T)xA-B-D-E-G . (I) 

In the above generalized formula (I), (T) X A represents a substituted or 
unsubstituted aromatic 6-membered ring or heteroaromatic 5-6 membered 
ring containing 1 - 2 atoms of N, O, or S. T represents one or more substituent 

10 groups, the subscript x represents the number of such substituent groups, and 
A represents the aromatic or heteroaromatic ring, designated as the A ring or 
A unit. When N is employed in conjunction with either S or O in the A ring, 
these heteroatoms are separated by at least one carbon atom. 

The substituent group(s) T are independently selected from the group 

15 consisting of halogen; alkyl; haloalkyl; alkenyl; alkynyl; -(CH2)pQ in which p 
is 0 or an integer of 1 - 4; and -alkenyl-Q in which the alkenyl moiety 
comprises 2 - 4 carbons. Q in the latter two groups is selected from the group 
consisting of aryl, heteroaryl, -CN, -CHO, -NO2, -CO2R 2 , -OCOR 2 , -SOR 3 , 
-SO2R 3 , -CON(R2)2, -S02N(R2)2, -COR2, -N(R2)2, -N(R2)COR2 -N(R2)CC>2R 3 , 

20 -N(r2)CON(r2) 2 , -CHN4, -OR 4 , and -SR* In these formulae R2 represents H, 
alkyl, aryl, heteroaryl, arylalkyl, or heteroaryl-alkyl; R3 represents alkyl, aryl, 
heteroaryl, arylalkyl, or heteroaryl-alkyl; and R4 represents H, alkyl, aryl, 
heteroaryl, arylalkyl, heteroaryl-alkyl, alkenyl, alkynyl, haloalkyl, acyl, or 
alkyleneoxy or polyalkyleneoxy terminated with H, alkyl, or phenyl. 

25 Unsaturation in a moiety which is attached to Q or which is part of Q is 
separated from any N, O, or S of Q by at least one carbon atom. The A ring 
may be unsubstituted or may carry up to 2 substituents T. Accordingly, the 
subscript x is 0, 1, or 2. 

In the generalized formula (I), B represents an aromatic 6-membered 

30 ring or a heteroaromatic 5 - 6 membered ring containing 1 - 2 atoms of N, O, or 
S. It is referred to as the B ring or B unit. When N is employed in 
conjunction with either S or O in the B ring, these heteroatoms are separated 
by at least one carbon atom. 

In the generalized formula (I), D represents 

35 
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10 



15 



In the generalized formula (I), E represents a chain of n carbon atoms 
bearing m substituents R*, in which the R* groups are independent 
subsdtuents, or constitute spiro or nonspiro rings. Rings may be formed n 
two ways: a) two groups R* are joined, and taken together w,th the chain 
atom(s) to which the two R6 group(s) are attached, and any ^^fT 
atoms, constitute a 3 - 7 membered ring, or b) one group R* is joined to the 
chain on which this one group R* resides, and taken together with the cham 
atom(s) to which the R* group is attached, and any intervening chain atoms, 
constitutes a 3 - 7 membered ring. The number n of carbon atoms in the chain 
is 2 or 3, and the number m of R* substituents is an integer of 1 - 3. The 
number of carbons in the totality of R* groups is at least two. 

Each group R* is independently selected from the group consisting of: 
•alkyl, provided that if the A unit is phenyl, the B unit is phenylene, m 

is 1, and n is 2, then x is 1 or 2; 
♦aryl, provided that if said A unit is phenyl, said B unit is phenylene, 

said aryl group is phenyl, n is 2, and m is 1 or 2, then x is 1 or 2; 
♦heteroaryl; 
•arylalkyl; 
•heteroaryl-alkyl; 

20 'alkenyl; 

•aryl-substituted alkenyl; 
•heteraryl-substituted alkenyl; 

•alkynyl; 

•aryl-substituted alkynyl; 
25 »heteroaryl-substituted alkynyl; 

MCH2)tR 7 , wherein t is 0 or an integer of 1 - 5 and 
R7 is selected from the group consisting of: 
*N-phthalimidoyl; 

»N-(l,2-naphthalenedicarboximidoyl); 
30 »N-(2,3-naphthalenedicarboximidoyl); 

*N-(l,8-naphthalenedicarboximidoyl); 

»N-indoloyl; 
»N-(2-pyrrolodinonyl); 
•N-succinimidoyl; 
35 ♦N-maleimidoyl; 

»3-hydantoinyl; 
•1,2,4-urazolyl; 
•amido; 
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•urethane; 
•urea; and 

♦nonaromatic substituted or unsubstituted heterocycles 
containing and connected through a N atom, and comprising 
5 one additional O or S; and 

•amino; 

•and corresponding heteroaryl moieties in which the aryl 
portion of an aryl-containing R 7 group comprises 4 - 9 carbons 
and at least one N, O, or S heteroatom, but 
10 with the proviso that when R 7 is a nonaromatic heterocycle 

or an amino group, and t is 0, m is 1, and n is 2, then x is 1 
or 2; and 

*-(CH2) v ZR 8 in which v is 0 or an integer of 1 - 4, 
Z represents 

15 ^ ^ ; and 

R 8 is selected from the group consisting of: 
•alkyl; 
•aryl; 

•heteroaryl; 
20 •arylaikyl; 

♦heteroaryl-alkyl; and 

*-C(0)R 9 in which R 9 represents alkyl of at least two 
carbons, aryl, heteroaryl, arylalkyl, or heteroaryl-alkyl; 
and with the further provisos that 
25 - when R 8 is -C(0)R 9 , Z is S or O; 

- when Z is O, R 8 may also be alkyleneoxy or polyalkyleneoxy 
terminated with H, alkyl, or phenyl; and 

- when said A unit is phenyl, said B unit is phenylene, m is 1, 
n is 2, and v is 0, then x is 1 or 2; and 

30 *trialkylsilyl-substituted alkyl. 

Furthermore, aryl or heteroaryl portions of any of the T or R 6 groups 
optionally may bear up to two substituents selected from the group consisting 
of .(CH2)yC(RH)(Rl2)OH, -(CH2>yOR», -<CH 2 )ySR", -(CH2>yS(0)R", 
-(CH 2 )yS(0)2R n , -(CH 2 )yS02N(R")2, -(CH 2 )yN(R")2 / -(CH2)yN(RH)CORl2 

35 •OC(R 11 )20- in which both oxygen atoms are connected to the aryl ring, 
-(CH2)yCOR", -(CH 2 )yCON(R")2, -(CH^yCC^R 11 , -(CH2>yOCOR n ' 
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-halogen, -CHO, -CF 3 , -NO* «* *«, in which y is 0 - 4; R" represents 
H or lower alkyl; and R 12 represents lower alkyl. 

In the generalized formula (I), G represents -PO3H2 , -M, 



V- N 

"-N-g-M . — "-N-C-M , or 



SO IM ... / \ 

r — N — C M / C — N 



in which M represents -CO2H, -CON(R»>2, or -CO2R 12 , and 

R 13 represents any of the side chains of the 19 noncyclic naturally occurring 

amino acids. Pharmaceutical^ acceptable salts of these compounds are also 

10 within the scope of the invention. , . , , 

In most related reference compounds of the prior art, the biphenyl 
portion of the molecule is unsubstituted, and the propanoic or butane aad 
portion is either unsubstituted or has a single methyl or phenyl group^ 
Presence of the larger phenyl group has been reported to cause prior ar 

15 compounds to be inactive as anti-inflammatory analgesic agents. See fo 

e JU CWld ' et * Pharm - **~ *> 466 ' 476 (197?) Lorv 
now been found that compounds which exhibit potent MMP mh.buory 

activity contain a substituent of significant size on the propanoic or butam»c 

portion of the molecule. T*e biphenyl portions of the best MMP inhib.tors 

20 also preferably contain a substituent on the 4' position, although when he 

propanoic or butanoic portions are optimally substituted, the unsubsntu d 

biphenyl compounds of the invention have suff.dcnt activny to be cons.dcred 

realistic drue candidates. 

In addition to .he above-descrtbed compounds, .he inven..on also 

25 rela.es to pharmaceutical compositions having matrix me.aHc.prote.se 
inhibitory ac.ivi.y. which compositions comprise a compound of .he 
."as described above and in more detai, in .he detailed descr.pt.on 
below, and a pharmaceutical^ acceptable earner. 

The invention also relates to a method ol treating a human to achteve 

30 an effect in which the effect is: alleviation of osteoarthritis, rheumato d 
£h2 , septtc arthritis, periodonta. disease, corneal ulceration, pro— 
^maf aordc disease, dystrophobic epidermolysis 
.eading to inflammatory response,, osteopenias medtated by MMP actm* 
™ mand!bular join, disease, or demyeladng ***** of the , «™» 

35 ysL retardation of tumor metastasis or degenerative carttlage ioss 
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following traumatic joint injury; reduction of coronary thrombosis from 
atherosclerotic plaque rupture; or improved birth control; the method 
comprising administering an amount of a compound of the invention as 
described above, and in more detail in the detailed description below, which is 
5 effective to inhibit the activity of at least one matrix metalloprotease, resulting 
in achievement of the desired effect. 



Description of the Drawings 

The invention will be better understood from a consideration of the 
10 following detailed description, taken in conjunction with the drawings, in 
which: 

Fig. 1 is a graph which shows the inhibition of B16.F10 experimental 
metastasis in male BDF1 mice by invention compounds at 40 mg/kg (po); 

Fig. 2 is a graph which shows the inhibition of B16.F10 spontaneous 
15 metastasis in male BDF1 mice by invention compounds at 10 mg/kg (po); and 
Fig. 3 is a graph which shows the inhibition of SKOV-3 ascites in female 
Balb/c nu/nu mice by invention compounds at 40 mg/kg (po). 

Detailed Description 

20 More particularly, the compounds of the present invention are 

materials having matrix metalloprotease inhibitory activity and the 
generalized formula: 



25 



(T) X A-B-D-E-C (I) 



in which (T) X A represents a substituted or unsubstituted aromatic or 
heteroaromatic moiety selected from the group consisting of: 
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Dy. Df. Pf. J^f 

vn$? (T)»Y m,W 

(Tl^sT (tT?o / (T)»Y it) xN =/ 

N 

in which represents H or alkyl of 1 - 3 carbons. 

In these structures, the aromatic ring is referred to as the A ring or A 

5 unit, and each T represents a substituent group, referred to as a T group or T 
unit. Substituent 'groups T are independently selected from the group 
consisting of: the halogens -F, -CI, -Br, and -I; alkyl of 1 - 10 carbons; halodkyl 
of 1 - 10 carbons; alkenyl of 2 - 10 carbons; alkynyl of 2 - 10 carbons; -(CH 2 )pQ «n 
which p is 0 or an integer 1 - 4, and -alkenyl-Q in which the alkenyl mo.ety 

10 comprises 2 - 4 carbons. Q in each of the latter two groups * selected Jrom the 
group consisting of aryl of 6 - 10 carbons; heteroaryl ^^4-9^ 
and at least one N, O. or S heteroatom; -CN; ^f*^ 
-SOR3; -SG2R3; -CON(R2) 2 ; -S0 2 N(R2)2 ; ; ^ 

-N(R2)C02R3; -N(R2)CON(R2)2; -CHN 4 ; -OR*; and -SR* The groups R , R , 

15 and R 4 are defined as follows. ^ aw i 
R2 represents H; alky! of 1 - 6 carbons; aryl of 6 - 10 carbons; h t«*ry! 
comprising 4 - 9 carbons and a. least one N, O, or S heteroatom; arylalkyl » 
whi* the aryl portion contains 6 - 10 carbons and the alky. — 
- 4 carbons; or heteroaryl-alkyl in which the heteroaryl pornon «™P™*J ' 
carbons artd a. leas, one N, O, or S heteroatom and the alky! pornon contatns 1 

'"""^represents alky! of J - 4 carbons; aryl of 6 - 10 carbons; heteroaryl 
comprising 4 - 9 carbons and a, leas, one N, O. or S heKroatom; arylalkyl « 
the aryl portion contains 6 - ,0 carbons and the alky! porbon contatns 1 

12 
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- 4 carbons; or heteroaryl-alkyl in which the heteroaryl portion comprises 4 - 9 
carbons and at least one N, O, or S heteroatom and the alkyl portion contains 1 

- 4 carbons. 

R4 represents H; alkyl of 1 - 12 carbons; aryl of 6 - 10 carbons; heteroaryl 
5 comprising 4 - 9 carbons and at least one N, O, or S heteroatom; arylalkyl in 
which the aryl portion contains 6 - 10 carbons and the alkyl portion contains 1 

- 4 carbons; heteroaryl-alkyl in which the heteroaryl portion comprises 4 - 9 
carbons and at least one N, O, or S heteroatom and the alkyl portion contains 1 

- 4 carbons; alkenyl of 2 - 12 carbons; alkynyl of 2 - 12 carbons; -(C q H2qO) r R 5 in 
10 which q is 1-3, r is 1 - 3, and R5 is H provided q is greater than 1, or R5 is alkyl 

of 1 - 4 carbons, or phenyl; -(CH2) S X in which s is 2 - 3 and X is halogen; or 
-C(0)R 2 . 

Any unsaturation in a moiety which is attached to Q or which is part of 
Q is separated from any N, O, or S of Q by at least one carbon atom, and the 
15 number of substituents, designated x, is 0, 1, or 2. 

In the generalized formula (I), B represents an aromatic or 
heteroaromatic ring selected from the group consisting of: 
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N 




in which 
unit. 



ich Rl is defined as above. These rings are referred to as the B ring or B 



In the generalized formula (I), D represents the moieties 

/ r OH H 

fc ft. generalized formula <D. B represents a chain of n -bon au,ms 
,0 bearing m subsutuen,s *. referred to as R* groups or R° un.B. The R 
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groups are independent substituents, or constitute spiro or nonspiro rings. 
Rings may be formed in two ways: a) two groups R 6 are joined, and taken 
together with the chain atom(s) to which the two R6 group(s) are attached, and 
any intervening chain atoms, constitute a 3 - 7 membered ring, or b) one 
5 group R6 is joined to the chain on which this one group R 6 resides, and taken 
together with the chain atom(s) to which the R 6 group is attached, and any 
intervening chain atoms, constitutes a 3 - 7 membered ring. The number n of 
carbon atoms in the chain is 2 or 3, and the number m of R 6 substituents is an 
integer of 1 - 3. The number of carbons in the totality of R 6 groups is at least 
10 two. 

Each group R 6 is independently selected from the group consisting of 
the substituents listed below as items 1) - 14). 

1) An R6 group may be alkyl of 1 - 10 carbons, provided that if the A 
unit is phenyl, the B unit is phenylene, m is 1, n is 2, and the alkyl 

15 group is located on the alpha carbon relative to the D unit, then x is 

1 or 2. 

2) An R6 group may be aryl of 6 - 10 carbons, provided that if the A unit 
is phenyl, the B unit is phenylene, the aryl group is phenyl, n is 2, 
and m is 1 or 2, then x is 1 or 2. 

20 3) An R 6 group may be heteroaryl comprising 4 - 9 carbons and at least 

one N, O, or S heteroatom. 

4) An R6 group may be arylalkyl in which the aryl portion contains 6 - 
10 carbons and the alkyl portion contains 1 - 8 carbons. 

5) An R 6 group may be heteroarvl-alkyl in which the heteroaryl 
25 portion comprises 4 - 9 carbons and at least one \\ O, or S 

heteroatom, and the alkyl portion contains 1 - 8 carbons; 

6) An R 6 group may be alkenyl of 2 - 10 carbons. 

7) An R^ group may be aryl-alkenyl in which the aryl portion contains 
6-10 carbons and the alkenyl portion contains 2 - 5 carbons. 

8) An R 6 group may be heteroaryl-alkenyl in which the heteroaryl 
portion comprises 4 - 9 carbons and at least one N, O, or S 
heteroatom and the alkenyl portion contains 2 -5 carbons; 

9) An R 6 group may be alkynylof 2- 10 carbons. 

10) An R6 group may be aryl-alkynyl in which the aryl portion contains 
6-10 carbons and the alkynyl portion contains 2 - 5 carbons. 

11) An R 6 group may be heteroaryl-alkynyl in which the heteroaryl 
portion comprises 4 - 9 carbons and at least one N, O, or S 
heteroatom and the alkynyl portion contains 2-5 carbons. 
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12) An R° group may be -(CHzW? u> »W<* "•<•«•» ^ ° fl " 5 
and R 7 is selected from the group consisting of 





10 



* ° f s f 

— N-C-tf ' — N-C-N-R 2 • 

as well as corresponding heteroaryl moieties in which the , aryl 
portion of an attaining R? group comprises 4 - 9 carbons and at 
C one N, a « S heteroatom In such » 
or S; Rl» R 2 ' and R3 are as defined above; and u is 0, 1, or 2, provided 

that when R 7 is 
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and the A unit is phenyl, the B unit is phenylene, m is 1, n is 2, and t 
is 0, then x is 1 or 2. 

5 13) An R 6 group may be -(CH2)vZR 8 ™ which v is 0 or an integer of 1 to 

4; Z represents -S-, -S(O)-, -SO2-/ or -O-; and R 8 is selected from the 
group consisting of: alkyl of 1 to 12 carbons; aryl of 6 to 10 carbons; 
heteroaryl comprising 4 - 9 carbons and at least one N, O, or S 
heteroatom; arylalkyl in which the aryl portion contains 6 to 12 

10 carbons and the alkyl portion contains 1 to 4 carbons; heteroaryl- 

alkyl in which the aryl portion comprises 4-9 carbons and at least 
one N, O, or S heteroatom and the alkyl portion contains 1 - 4 
carbons; -C(0)R 9 in which R 9 represents alkyl of 2 - 6 carbons, aryl of 
6-10 carbons, heteroaryl comprising 4-9 carbons and at least one N, 

15 O, or S heteroatom, or arylalkyl in which the aryl portion contains 6 

- 10 carbons or is heteroaryl comprising 4-9 carbons and at least one 
N, O, or S heteroatom, and the alkyl portion contains 1 - 4 carbons, 
with the provisos that 

- when R 8 is -C(0)R 9 , Z is -S- or -O-; 

20 - when Z is -O, R 8 may also be -(C q H2qO) r R 5 in which q, r, 

and R5 are as defined above; and 

- when the A unit is phenyl, the B unit is phenylene, m is 1, n 

is 2, and v is 0, then x is 1 or 2; and 
14) An R 6 group may be -(CH2)wSiR 10 3 in which w is an integer of 1 to 
25 3, and R 10 represents alkyl of 1 to 2 carbons. 

In addition, aryl or heteroaryl portions of any of the T or R 6 groups 
optionally may bear up to two substituents selected from the group consisting 
of -(CH2)yC(RH)(Rl2)OH, -(CH2)yOR", -(CH2)ySR^, -(CH2)yS(0)Rl 1 , 
-(CH2)yS(0)2R n , -(CH2)yS02N(Rll)2, -(CH2)yN(R")2, -(CH2)yN(R")COR 12 , 
30 -OC(R 11 )20- in which both oxygen atoms are connected to the aryl ring, 
-(CH2)yCORH / -(CH2)yCON(Rn) 2/ -(CH2)yC02R n , -(CH2>yOCOR n ' 
-halogen/ -CHO, -CF3, -NO2, -CN, and -R 12 , in which y is 0 - 4; R" represents 
H or alkyl of 1 - 4 carbons; and R 12 represents alkyl of 1 - 4 carbons. 

35 
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In the generalized formula (I), G represents -PO3H2 , -M, 



0 H R- 

_»_;_ S '_ M , _!-J- r » - °< 



13 V- N 




N 



1 =33"??= 

within .he generalized formula (1) are also within .he mvennon. 

w ,n the compounds of the invenbon, me following » j"*^ 

The subsdtuent group T is preferably halogen, or an e.her OR wherem 

. 10 carbons and the alkyl portion contams 1 - 4 carbons. M P 
, * . nR 4 p4 i s alkvl of 1 - 6 carbons, or benzyl, 
halogen, and when T is OR*, R is amy. on subs tituents, is 

^ A The A ring is preferably a phenyl or thiophene ring. mos. preferably 

20 PhC " y, The 6 ring is preferably a 1.4-phenv.ene or 2.5,hiophene ring. mos. 

preferably 1,4-phenylene. 

The D unit is most preferably a carbonyl group. 

The group R6 is preferably: in rarbons and the alkvl 

1) arylalkyl wherein the aryl portion contams 6 - 10 carbons 

25 portion contains 1 - 8 carbons; ft < i - 5 and R 7 is an imidoyl group 

2) -(CH2)tR 7 wherein t is 0 or an integer of 1 5 ana * 

^TSv^" Oor an imager of . - 4 . Z is S or O and P* is 
aryl o, 6 U I carbons or arylaHcy. wherein .he ary, pordon con.arns 6 .o ,2 
30 ^ZttZ^ZZ* - in .hese, any 
aromatic moiety is preferably substituted: r 

1) arylalkyl wherein the aryl portion is phenyl and the y P 
contains 1-4 carbons; 
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2) -(CH2HR 7 wherein t is an integer of 1 - 3, and R 7 is N-phthalimidoyl, N- 
(1,2-naphthaienedicarboximidoyl), N-(2,3-naphthalenedicarboximidoyl), or N- 
(1,8-naphthalenedicarboximidoyl); or 

3) -(CH2)vZR 8 wherein v is an integer of 1 - 3, Z is S, and R 8 is phenyl. 
5 The G unit is most preferably a carboxylic acid group. 

It is to be understood that as used herein, the term "alkyl" means 
straight, branched, cyclic, and polycyclic materials. The term "haloalkyl" 
means partially or fully halogenated alkyl groups such as -(0*2)20, -CF3 and 

0 -C6F13, for example. 

The B ring of generalized formula (I) is a substituted or unsubstituted 
aromatic or heteroaromatic ring, in which any substituents are groups which 
do not cause the molecule to fail to fit the active site of the target enzyme, or 
disrupt the relative conformations of the A and B rings, such that they would 

5 be detrimental. Such groups may be moieties such as lower alkyl, lower 
alkoxy, CN, NO2, halogen, etc., but are not to be limited to such groups. 

In one of its embodiments, the invention relates to compounds of 
generalized formula (I) in which at least one of the units A, B, T, and R 6 
comprises a heteroaromatic ring. Preferred heteroaromatic ring-containing 

0 compounds are those in which the heteroaryl groups are heteroaryl of 4 - 9 
carbons comprising a 5 - 6 membered heteroaromatic ring containing O, S, or 
NR 1 when the ring is 5-membered, and N when said ring is 6-membered. 
Particularly preferred heteroaromatic ring-containing compounds are those in 
which at least one of the A and B units comprises a thiophene ring. When A 

5 unit is thiophene, it is preferably connected to B unit at position 2 and carries 
one substituent group T on position 5. When B Unit is thiophene, it is 
preferably connected through positions 2 and 5 to D and A units respectively.. 

In the generalized formula (I), the A and B rings are preferably phenyl 
and phenylene, respectively, the A ring preferably bears at least one 

0 substituent group T preferably located on the position furthest from the 
position of the A ring which is connected to the B ring, the D unit is preferably 
a carbonyl group, and the G unit is preferably a carboxyl group. 

In another embodiment, the invention relates to compounds of 
generalized formula (I), in the E unit of which n is 2 and m is 1. These 

5 compounds thus possess two carbon atoms between the D unit and the G unit, 
and carry one substituent on this two-carbon chain. 

In another of its embodiments, the invention relates to compounds of 
generalized formula (I) in which the A ring is a substituted or unsubstituted 
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20 




phenyl group, the B ring is p-phenylene, and aryl portions of any aryW 
containing T and R* moieties contain only carbon in the ring.. These 
compounds thus contain no heteroaromatic rings. 

In another of its embodiments, the invention relates to compounds of 
generalized formula (I) in which m is 1 and R6 is an independent subsUtuent. 
These compounds are materials which contain only a single substituent R on 
the E unit, and this substituent in not involved in a ring. Preferred 
compounds within this subset have the formula 

O 

0-CH2-Cm 6 -C02H 

in which x is 1 or 2, and one substituent group T is located on the 4- position 
of the A ring, relative to the point of attachment between the A and B rings. 
Substituent group T of this subset is preferably the halogens -CI -Br or or is 
an ether -OR*. Most preferred compounds contain only one substituent T on 
the 4- position of the A ring relative to the attachment to B ring. 

Preferred compounds of general formula (I) in which R* is -(CH 2 ) t R / 
have t as an integer of 1-5. Preferred compounds of ge neral *^ 
which R6 is -<CH 2 )vZR8 have v as an integer of 1-4 and Z as -5- 
Preferred compounds of general formula (I) in which R* is alkvl contain 4 or 
more carbons in said alkyl and those in which R* is arylalkyl contain 2-3 
carbons in the alkvl portion of said arylalkyl. 

In another of its embodiments, the invention relates to compounds of 
generalized formula (I) in which the number of substituents m on the E unit 
fs 2 or 3; and when m is 2, both groups R* are independent substituent o 
together constitute a spiro ring, or one group R* is an 

and the other constitutes a spiro ring; and when m is 3, two groups F are 
independent substituents and one group R* constitutes a ring or two group, 
R6 constitute a ring and one group R6 is an independent substituent, or three 
groups R6 are independent substituents. This subset therefore contams 
ompounds in which the E unit is di- or tri- substituted, and in the 
disubstituted case any rings formed by one or both R* groups 
and in the trisubstituted case, the R* groups may form either spiro or 
nonspiro rings. 
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» another of its embodiments, the invention relates to compounds of 
generalized formula 0) in which the number of subsntuents m on the . 
Tim ft »d when » is 1, me group * cons.im.es a nonsp.ro nng ^d when 

^ Mo« p'ardculaHv. representative compounds o, generalized formula 0, 
„ in which one'or more of the subsdfuen. groups R are involved .n fonnauon 
of nonspiro rings have E units of the following structures: 
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(HvbtfbP) (CR^H^) \/ , 

[-(Ha^aCJc (C^ 2 .ah-\ (^)a «H)2.a 

(H^bRPhC) (CR^H^b) e < 

/ X<R 14 ) k 5HH 1 . b R 5 b C)^^(^ b Hi-b)-< 

(C g H 2fl . 2 .y , NC h H 2h . 2 . k )^ ^ ■ 



(HLbtfX) (CR^H,*) V/ 



p(H 2 . a R 6 a C) c (CR*^)^ (^)a^)2-a 

(HLb^bC) (CR 6 b H 14} ) ^_ (HibR 6 bC) ^(CR^H^b! 

(R )k \ ^-(R 14 ) k 



i-(H 2 . a R 6 a C) c jCR 6 a H 2 . a ) d -^ (R^)a(H) 2 . a 

(HLbRPbC) (CR 6 b H 14) ) ^_ (Hl . b Rp b C)^ C ^(CR 6 bH 1 ^ 

=^(R 14 )k 



,14, • «* 



\==^(R 14 )k 



in which a is 0, 1, or 2; b is 0 or 1; c is 0 or 1; d is 0 or 1; c + d is 0 or 1; e is 1 - 5; f 
is 1 - 4; g is 3 - 5; h is 2 - 4; i is 0 - 4; j is 0 - 3; k is 0 - 2; the total number of groups 
5 R6 is 0, 1, or 2; U represents O, S, or NR 1 ; and z is 1 or 2; Each group R 14 is 
independently selected from the group consisting of: alkyl of 1 - 9 carbons; 
arylalkyl in which the alkyl portion contains 1-7 carbons and the aryl portion 
contains 6-10 carbons; alkenyl of 2 - 9 carbons; aryl-substituted alkenyl in 
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which the alkenyl portion contains 2 - 4 carbons and the aryl portion contains 
6 - 10 carbons; alkynyl of 2 - 9 carbons; aryl-substituted alkynyl » which the 
alkynyl portion contains 2 - 4 carbons and the aryl portion contains 6 - 10 
Sns;£yl of 6 - 10 carbons; -COR*; -C02R3; -CONfR^ » 
t is 0 or anLeger of 1 - 4; and -(CHtfvZR* Ln wh ich v is 0 or an integer of 1 to 
3, and Z represents -S- or -0-. Rl. R*, and R8 have been denned above. 

Preferred compounds of generalized formula (I) in whidi one or more 
of the substituent groups R* are involved in formation of nonspiro rings 
have E units of the following structures: 

( V 14 ^ ( r )k 

NC e H 2 e.KK . ^(C g H 29 . 2 . k r • 

|-(H 2 . a R 6 a C) c jCR 6 a H 2 . a ) d -| 
(H t . b RVC) CRRPbHi-b) 

in which a, b, c. d. (c ♦ d). e, g, i, k. the total number of groups R* U. and R» 

are as defined above. ...hirfi 
The more preferred compounds of generalized formula (I) in *h.ch 
one or more of the substituent groups R* are involved in formauon of 
nonspiro rings have the formula 



C0 2 H 



20 




in which the subscript x is 1 or 2; one substituent T is located 

of the A ring, relative to the point of attachment between the A and B nngs, 

is 2 or 3; and R 14 is as defined above. 
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The invention also relates to certain intermediates useful in the 
synthesis of some of the claimed inhibitors. These intermediates are 
compounds having the generalized formula 




in which E represents 




T represents a substituent group, and x is 1 or 2. 

Those skilled in the art will appreciate that many of the compounds of 
the invention exist in enantiomeric or diastereomeric forms, and that it is 
understood by the art that such stereoisomers generally exhibit different 
activities in biological systems. This invention encompasses all possible 
stereoisomers which possess inhibitory activity against an MMP, regardless of 
their stereoisomeric designations, as well as mixtures of stereoisomers in 
which at least one member possesses inhibitory activity. 

The most prefered compounds of the present invention are as indicated 
and named in the list below: 

196 4-[4-(4-chlorophenyl)phenyll-4-oxo-2-(phenylthiomethyl)butanoic acid 

197 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2S-(phenylthiomethyl)butanoic acid 

198 4-(4-(4-chlorophenyl)phenyl]-4-oxo-2K-(phenylthiomethyl)butanoic acid 

114 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2-(3-phenylpropyl)butanoic acid 

115 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2R-(3-phenylpropyl)butanoic acid 

116 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2S-(3-phenylpropyl)butanoicacid 

144 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2-[2-(3-N / N-diethylcarbamoyl)- 
phenyl]butanoic acid 
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444-<4<hlorophe^^ 
phenyljbutanoic acid 

4-l4-(4<hloroph^^ 
phenyljbutanoic acid 

4-l4-(4-penty^^ 

444-(4-pentyloxyphenyl)phenyl]^xo-2S-(3- P henyl P ropyl)bu^ 

4-l4-(4-pentylox^ 

4-[4-<4-benzyloxyp^^ 

444-<4-benzylox^^ 
10 1 4-[4.(4-benzyloxyphenyl) P henyl]^xo-2K-(3- P henyl P ro P yl)butan^ 

267 4-[4-(4-ch^^ 

268 4-[4.(4-chlorophcnyl)phenyl]-4-oxo-2S-(2-phthalimidoethyl)butanoic 
acid 

269 4.I4-(4-chlorophen y nphen y .H-ox 0 -2 R -(2-ph,haH m idoe.hy«buu M >ic 
25 acid 

294 ( rans-5-[4-(4-chlorophenyl)phenylcarbonyll-»r«ns-2-phenylthio- 
cydopentanecarboxylic acid 

30 296 <lS,2R,5S)- t r fl «s-5-l4-(4<hlo^ 
thiocyclopentanccarboxylic acid 

297 (lR,2S,5RHr fl «s-5-l4-(4<hlorophenyl)phenylcarbonylW« 
thiocyclopentanecarboxyhc acid 
35 298 W „s-H«4^ropheny.) P he„ylc«^-2-(2-me,hoxycarbony.. 
phenylthio)cyclopentanecarboxylic acid 
*» (IS 2S 5S)-.rflns-5-[4.(4<hlorophenyl)phenylcarbonyl]-c«s-2-(2- 
40 meftoxyca W 3Cld 

300 (1R 2R 5RHran5-5-l4-(4-chlorophenyl)phenylcarbony^ 
methoxycarbonylphenylthio)^ aad 

45 360 ,r«ns-M4-(4-ch^^ 

methylcyclopentanecarboxyhc aad 
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361 (lS / 2R / 5S)-frflns-5-[4-(4-chlorophenyl)phenylcarbonyl]^rans-2- 
phthalimidomethylcydopentanecarboxylic acid 

362 (IR^S^lD-erans-S-K^^chlorophenyDphenylcarbonyll-fraws-Z- 
5 phthalimidomethylcyclopentanecarboxylic acid 

General Preparative Methods: 

The compounds of the invention may be prepared by use of known 
chemical reactions and procedures. Nevertheless, the following general 

0 preparative methods are presented to aid the reader in synthesizing the 
inhibitors, with more detailed particular examples being presented below in 
the experimental section describing the working examples. 

All variable groups of these methods are as described in the generic 
description if they are not specifically defined below. The variable subscript n 

5 is independently defined for each method. When a variable group with a 
given symbol (i.e. R 6 or T) is used more than once in a given structure, it is to 
be understood that each of these groups may be independently varied within 
the range of definitions for that symbol. As defined above, the compounds of 
the invention contain as the E unit a chain of 2 or 3 carbon atoms bearing 1 to 

0 3 substituents R 6 which are not defined as H. By contrast, it is to be noted that 
in the general method schemes below, the R 6 groups are used as if their 
definition includes H, to show where such R 6 groups may exist in the 
structures, and for ease in drawing. No change in the definition of R 6 is 
intended by this non-standard usage, however. Thus, only for purposes of the 

5 general method schemes below, R 6 may be H in addition to the moieties set 
forth in the definition of R 6 . The ultimate compounds contain 1 to 3 non- 
hydrogen groups R 6 . 

General Method A - The compounds of this invention in which the 
0 rings A and B are substituted phenyl and phenylene respectively are 
conveniently prepared by use of a Friedel-Crafts reaction of a substituted 
biphenyl II with an activated acyl- containing intermediate such as the 
succinic or glutaric anhydride derivative m or acid chloride IV in the presence 
of a Lewis acid catalyst such as aluminum trichloride in an aprotic solvent 
5 such as 1,1,2,2-tetrachloroethane. The well known Friedel-Crafts reaction can 
be accomplished with use of many alternative solvents and acid catalysts as 
described by E. Berliner, Org. React., 5, 229 (1949) and H. Heaney, Comp. Org. 
Synth., 2, 733 (1991). 
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Method A 

DO 




ffl-A 

n =0 - 3 



Lewis acid 




15 



I-A-4 

If the anhydride ni is monosubstituted or multiply-substituted in an 
unsvmmetrical way, the raw product I-A often exists as a mixture of isomers 
via attack of the anhydride from either of the two carbonyls. The resultant 
isomers can be separated into pure forms by crystallization or chromatography 
using standard methods known to those skilled in the art. 

When they are not commercially available, the succinic anhydrides ID 
can be prepared via a Stobbe Condensation of a dialkyl succinate with an 
aldehyde or ketone (resulting in side chain r6>. followed by catalytic 
hydrogenation, hydrolysis of a hemiester intermediate to a diacid and then 
conversion to the anhydride III by reaction with acetyl chloride or acetic 
anhydride. Alternatively, the hemiester intermediate is converted by 
treatment with thionyl chloride or oxalyl chloride to the acid chloride IV. For 
a review of the Stobbe condensation, including lists of suitable solvents and 
bases see W.S. Johnson and G.H. Daub, Org. React., 6, 1 (1951). This method, as 
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applied to the preparation of HI (R 6 = H, isobutyl and H, n-pentyl), has been 
described by D. Wolanin, et al., US Patent 4,771,038, Sep. 13, 1988. 

Method A is especially useful for the preparation of cyclic compounds 
such as I-A-3 in which two R 6 groups are connected in a methylene chain to 
form a 3-7 member ring. Small ring (3-5 member) anhydrides are readily 
available only as cis isomers which yield cis invention compounds I-A-3. The 
trans compounds I-A-4 are then prepared by treatment of I-A-3 with a base 

such as DBU in THF. 

The substituted four member ring starting material anhydrides such as 
in-A-1 are formed in a photochemical 2+2 reaction as shown below. This 
method is especially useful for the preparation of compounds in which R 14 is 
acetoxy or acetoxymethylene. After the subsequent Friedel-Crafts reaction the 
acetate can be removed by basic hydrolysis and the carboxyl protected by 
conversion to 2-(trimethylsilyl)ethyl ester. The resultant intermediate with 
Rl4 = CH2OH can be converted to invention compounds with other R 1 
groups by using procedures described in General Method K. 

0=*/ 7 + ^\ uv i.ghi 



acetonitrtle 



IH-A-1 R 



The Friedel Crafts method is also useful when double bonds are found 
either between C-2 and C-3 of a succinoyl chain (from maleic anhydride or 1- 
cyclopentene-l,2-dicarboxylic anhydride, for example) or when a double bond 
is found in a side chain, such as in the use of itaconic anhydride as starting 
material to yield products in which two R 6 groups as found on one chain 
carbon together form an exo-methylene (=CH2) group. Subsequent uses of 
these compounds are described in Methods D and E. 

General Method B - Alternatively the compounds I can be prepared via 
a reaction sequence involving mono-alkylation of a dialkyl malonate VI with 
an alkyl halide to form intermediate VII, followed by alkylation with a 
halomethyl biphenyl ketone VIII to yield intermediate IX. Compounds of 
structure IX are then hydrolyzed with aqueous base and then heated to 
decarboxylate the malonic acid intermediate and yield I-B-2 (Method B-l). By 
using one equivalent of aqueous base the esters I-B-2 with as alkyl are 
obtained, and using more than two equivalents of base the acid compounds 
(Rl2 = H) are obtained. Optionally, heat is not used and the diacid or acid-ester 
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I.B-1 is obtained. Alternatively, the diester intermediate IX can be heated with 
a strong acid such as concentrated hydrochloric acid in acetic acid in a sealed 
tube at about 1 10 °C for about 24 hr to yield I-B-2 (R 12 = H). 

Alternatively, the reaction of VI with VHI can be conducted before that 

5 with the alkyl halide to yield the same IX (Method B-2). 

Intermediates VHI are formed from biphenyls II in a Friedei-Craft 
reaction with haloacetyl halides such as bromoacetyl bromide or chloroacetyl 
chloride. Alternatively, the biphenyl can be reacted with acetyl chlonde or 
acetic anhydride and the resultant product halogenated with, for example, 

10 bromine to yield intermediates VIE (X = Br). 

Method B has the advantage of yielding single regio isomers when 
Method A yields mixtures. Method B is especially useful when the side chains 
R 6 contain aromatic or heteroaromatic rings that may participate in 
intramolecular acylation reactions to give side products if Method A were to 

15 be used. This method is also very useful when the R* group adjacent to the 
carboxyl of the final compound contains heteroatoms such as oxygen, sulfur, 
or nitrogen, or more complex functions such as imide rings. 
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Method B 




I-B-l -l-B-2 



General Method C - Especially useful is the use of chiral HPLC to 
separate the enantiomers of racemic product mixtures (see, tor example, D. 
5 Arlt, B. Boemer, R Grosser and W. Lange, Angcw. Chem. Int. Ed. Engl. 30 
(1991) No. 12) . The compounds of this invention are prepared as pure 
enantiomers by use of a chiral auxiliary route - see, for example: D.A. Evans, 
Aldrichimica Acta, 15(2), 23 (1982) and other similar references known to one 
skilled in the art. 

10 C-l. Acid halide X is reacted with the lithium salt of chiral auxiliary XI 

(R is often isopropyl or benzyl) to yield intermediate XII, which in turn is 
akylated at low temperatures (typically under -50°C) with halo-tert-butylacetyl 
compound XIH to yield pure isomer XIV. The use of opposite chirality XI 
yields opposite chirality XIV. Conversion of XIV to the enantiomerically pure 

15 diacid XV is accomplished by treatment with lithium hydroxide/ hydrogen 
peroxide in THF/ water, followed by acids such as trifluoroacetic acid. The 
compound XV is then converted to enantiomerically pure anhydride m-A by 
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treatment with acetyl chloride. The use of a Friedel-Crafts reaction as in 
method A then converts ID- A to I-C-l. 

C-2. Biphenyl starting material II may also first be reacted in a Friedel- 
Crafts reaction as earlier described with succinic anhydride followed by Fisher 
5 esterification with a lower alcohol such as methanol in the presence of a 
strong acid such as sulfuric acid to form acyl derivative I-C-2. The carbonyl 
group of this material is then blocked as a ketal such as that formed by 
treatment with 1,2-bistrimethyl-silyloxyethane in the presence of a catalyst 
such as trimethyl-silyltriflate in a suitable solvent. Many other ketal 

10 derivatives and reaction conditions familiar to those skilled in the art can also 
be used in this step. Basic hydrolysis of the ester followed by reaction of the 
resultant I-C-3 with XI in the presence of an amide coupling agent such as M3- 
dimethylaminopropyl)-3-ethylcarbodiimide yields amide I-C-4. Reaction of 
this chiral amide with an alkylating agent such as alkyl or arylalkyl triflate or 

15 halide yields enantiomerically enriched product I-C-5 which can be converted 
to final product I-C-6 by treatment with a weak base such as lithium 
hydroxide/hydrogen peroxide and then acid. These deblocking steps can be 
conducted in either order. 
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General Method D - Compounds in which R 6 are alky I- or aryl- or 
heteroaryl- or acyl- or heteroarylcarbonyl-thiomethylene are prepared by 
5 methods analogous to those described in the patent WO 90/05719. Thus 
substituted itaconic anhydride XVI (n = 1) is reacted under Friedel-Crafts 
conditions to yield acid I-D-l which can be separated by chromatography or 
crystallization from small amounts of isomeric I-D-5. Alternatively, I-D-5 are 
obtained by reaction of invention compounds I-D-4 (from any of Methods A 
10 through C) with formaldehyde in the presence of a base. 

Compounds I-D-l or I-D-5 are then reacted with a mercapto derivative 
XVn or XVm in the presence of a catalyst such as Potassium carbonate, 
ethyldiisobutylamine, tetrabutylammonium fluoride or free radical initiators 
such as azobisisobutyronitrile (AIBN) in a solvent such as 
15 dimethylfonnamide or tetrahydrofuran to yield invention compounds I-D-2, 
I-D-3,I-D-6orI-D-7. 
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Method D 



CO 



GO *^°S{K)^ 



XVI 

n is 1 or 2 



I-D-l 



I-D-4 



I-D-5 




I-D-7 



General Method E - Reaction of optionally substituted maleic anhydride 
5 XIX under Friedel-Crafts conditions with II yields invention 

which in turn is reacted with either of mercapto derives XVH or XVffl to 
yield invention compounds I-E-2 or I-E-3 or with substitute da,^ 
yield invention compounds I-E-4. Esterification of I-E-l CM - H) with 
CH3I/DBU followed by reagent XXI and AgF and then basic hydrolysis y, Id 
10 pyrrolidine invention compound I-E-5. RU can be various alley 1 « -ryla^yl 
fnduding benzyl. Reaction of the intermediate ester (from step 2) with 
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benzyloxycarbonyl chloride in THF at reflux followed by hydrolysis yields 
invention compounds in which R 1 ^ i s benzyloxycarbonyl. 



Method E 




General Method F - Biaryl compounds such as those of this application may 
also be prepared by Suzuki or Stille cross-coupling reactions of aryl or 
heteroaryl metallic compounds in which the metal is zinc, tin, magnesium, 
lithium, boron, silicon, copper, cadmium or the like with an aryl or heteroaryl 

10 halide or triflate (trifluoromethane-sulfonate) or the like. In the equation 
below either Met or X is the metal and the other is the halide or triflate. 
Pd(com) is a soluble complex of palladium such as 
tetrakis(triphenylphosphine)-palladium(0) or bis-(triphenylphos-phine)- 
palladium(II) chloride. These methods are well known to those skilled in the 

15 art. See, for example, A. Suzuki, Pure AppL Chem., 66/ 213 - 222 (1994); A. 
Suzuki, Pure Appl. Chem., 63, 419 - 422 (1991); and V. Farina and G. Roth, 
"Metal-Organic Chemistry" Volume 5 (Chapter 1), 1994 (in press). 

The starting materials XXIII (B = 1,4-phenylene) are readily formed 
using methods analogous to those of methods A, B or C but using a 
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haiobenzene rather man a biphenyl as starung materta!. When . d«* *• 
materials in which X is halo ear, be converted to those m wluch X ts metal by 
reactions well known ,o those skilled in the ar, such as treatment o a bromo 
ntermedia.e with hexamethylditin and palladium 

intermediate. The starting matenals XXin (B - hett "*^" , 
conveniently prepared by method C bu, using ^ 
rather man biphenyl sorting materials. ^ T^^J^^ 
commercial or easily prepared from commercial matenals by methods well 

10 known to those skilled in the art. 

These general methods are useful for the preparation of compounds for 
which Friedas reacnons such as those of Methods A, * . C. * tor E wouW 
lead to mixtures with various biaryl acylation patterns. Method F ts also 
especially useful for the preparation of products in which the aryl groups A O 
B ^.ain one or more he.ero.toms (heteroaryls, such as those compound 
LTcontain thiophene. furan, pyridine, pyrrole, oxazole, thiazole. pyr.rn.dme 
or pyrazine rings or the like instead of phenyls. 



15 



20 



Method F 



CD, A .Me, ♦ X-B-E-G — m^-B-D-E-G 
xxh xxm 



25 



T, x, A, B, E and G as in Structure I 

Met = Metal and X = Halide or Inflate 

or . 
Met = Halide or Triflate and X = Metal 

General Method G - When the R* groups of method F form together a 4 - 7 
general mewtuu v, double bond can 

member carbocyclic ring as in Intermediate XXV below, the oo 
be moved out of conjugation with the ketone group by 
eauivalents of a strong base such as lithium diisopropylamide or lithium 
hexZ^ sUylamide o the Uke followed by acid quench to yield compound 
wT^ sluLe XXVI. Reaction of XXVI with mercapto derivative, us ng 
Telds analogous to those of General Method D then leads to cyclic 
compounds I-G-l or I-G-2. 
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Method G 




General Method H - Invention compounds in which two R 6 groups form a 4 - 
7 member carbocyclic ring as in I-H below and R 14 is alkyl or arylalkyl are 
prepared according to method H. Starting material XXVH is reacted with two 
5 equivalents of a strong base such as lithium diisopropylamide (LDA) followed 
by an alkyl or arylalkyl halide (R 14 X) to yield intermediate XXVIII. This 
material is then reduced to the alcohol with a reducing agent capable of 
selective reduction of the ketone such as sodium borohydride, followed by 
dehydration with triphenylphosphine / diethyl azodicarboxylate (DEAD) in a 

10 suitable solvent such as THF at reflux to yield XXIX. Hydrolysis of the ester 
with aqueous base followed by amide formation with R 12 ONHR 12 (R is lower 
alkyl, but usually CH3) in the presence of a coupling agent such as 
dicyclohexyldiimide (DCC) yields XXX. Other acyl activating groups well 
known to those skilled in the art such as acid chlorides or mixed anhydrides 

15 could be used instead of XXX. Substituted biphenyl halide XXXI is reacted with 
an alkyl lithium such as two equivalents of t-butyl lithium to yield lithiated 
biphenyl XXXII which is then reacted with activated acyl compound XXX. 
The resultant intermediate XXXIII is then treated with diethylaluminum 
cyanide to yield intermediate XXXIV which is then hydrolyzed with aqueous 
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acid to yield invention compound I-H which is purified by chromatography 
on silica gel to afford pure isomers. 



Method H 



(CHa)/ 



1) 2 Equiv. 
Strong base 

2) R U X 



R 1 * 



n = 1 - 4 

xxvn 



xxvm 



1) Reduction 

2) Dehydration 



R 12 N 




R 12 (OHcji 
XXX 



1) Aqueous base 

2) Acid 

3) R l2 ONHR 12 

Coupling agent 




I-H 



General Method I • Invention compounds in which two R6 groups 
together form a pyrrolidine ring are prepared according to method I. Starting 
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material XXXV (L-pyroglutaminol) is reacted under acid catalysis with 
benzaldehyde XXXVI (may be substituted) to yield bicyclic derivative XXXVH. 
A double bond is then introduced using phenylselenenyl methodology well 
known to those skilled in the art to yield XXXVIH, which, in turn, is reacted 

5 with a vinylcopper (I) complex to yield conjugate addition product XXXIX. 
Such reactions in which Lig can be, for example, another equivalent of vinyl 
group or halide are weU known to those skilled in the art. Hydride reduction 
(lithium aluminum hydride or the like) of XXXIX followed by standard 
blocking with, for example, t-butyldimethylsilylchloride yields XXXX which in 

10 turn is reacted with an optionally substituted benzylchloroformate XXXXI to 
yield XXXXH. Ozonolysis of this intermediate followed by reductive workup 
(dimethylsulfide, zinc/acetic acid or the like) leads to aldehyde XXXXIII. 
Reaction of this aldehyde with a biphenyl organometallic such as XXXn yields 
alcohol XXXXIV. Deblocking of the silyl group with, for example, 

15 tetrabutylammonium fluoride followed by oxidation with, for example, 
pyridiniumdichromate or the like yields claimed compound 1-1-1 in which 
Rl4 is a carbobenzyloxy group. 

Alternatively the carbobenzyloxy group is removed by reaction with 
hydrogen and a catalyst such as palladium on carbon to yield the 

20 unsubstituted invention compound 1-1-2 optionally followed by N-alkylation 
to yield compound 1-1-3. These final steps are well known to those skilled in 
the art. Alternatively the intermediate XXXX can be directly treated with 
ozone followed by the other steps of this method to yield 1-1-3 in which R 14 is 
optionally substituted benzyl rather than as in 1-M. 

25 This method is especially useful to prepare single enantiomers because 

starting material XXXV is available as either the isomer as drawn or as D- 
pyroglutaminol to yield enantiomeric products. 
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Method I 




1-1-3 1-1-2 
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General Method J - The compounds of this invention in which E 
represents a substituted chain of 3 carbons are prepared by method J. 
Intermediates XXXXVII, if not available from commercial sources, are 
prepared by reaction of an activated biphenylcarboxylic acid derivative XXXXV 
5 with substituted acetic acid XXXXVI which has been converted to its bis anion 
with two equivalents of a strong base such as LDA followed by heating to 
decarboxylate the intermediate keto acid. Product XXXXVII is then treated 
with methylenemalonate derivative XXXXVIII in the presence of a strong base 
such as sodium hydride to yield substituted malonate XXXXIX. This malonate 

10 can be further alkylated under conditions familiar to those skilled in the art to 
yield L which in turn is treated with acid and then heated to yield invention 
compound 1-J-l. Alternatively the final alkylation can be omitted to yield 
products in which the R6 adjacent to the carboxyl is H. Alternatively XXXXVII 
can be alkylated with 3-halopropionate ester LI in the presence of base such as 

15 LDA to yield ester l-J-2 which can then be hydrolyzed with aqueous base to 
yield invention compound l-J-3 upon treatment with acid. This method is 
especially useful if any of the groups R 6 contain aromatic residues. 
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Method J 



XXXXVI 
,C02H 



V 

O 1) \ 2LDA o 

fyry^* — — O-O^ 

>==/ \=/ 2) acid /heat (T),^ w R* 

xxxxv XXXXVII 



1)LDA 




1) Aqueous Base 

2) Acid 





==/ R 6 R 6 o 



l-J-3 




1-J-l 



Method 



K - The compounds of this invention in which two R* groups 
are joined to form a substituted 5-member ring are most convemently 
prepared by method K. In this method acid LII (R = H) is prepared usmg the 
protocols described in Tetrahedron, Vol. 37, SuppL, 1981, 411. The aad is 
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protected as an ester (R = benzyl or 2-(trimethylsilyl)ethyl) by use of coupling 
agents such as l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
and procedures well known to those skilled in the art. Substituted 
bromobiphenyl Lffl is converted to its Grignard reagent by treatment with 

5 magnesium which is then reacted with UI to yield alcohol LIV. Alcohol LIV 
is eliminated via base treatment of its mesylate by using conditions well 
known to those skilled in the art to yield olefin LV. Alternatively UH is 
converted to a trimethyltin intermediate via initial metallation of the 
bromide with n-butyllithium at low temperature (-78*) followed by treatment 

0 with chlorotrimethyltin and LII is converted to an enoltriflate by reaction with 
2-tN / N-bis(trifluoromethylsulfonyl)amino]-5-chloropyridine in the presence 
of a strong aprotic base. The tin and enoltriflate intermediates are then 
coupled in the presence of a Pd° catalyst, Cul and AsPh3 to yield directly 
intermediate LV. Ozonolysis of LV (workup with methylsufide) yields 

5 aldehyde LVI. Alternatively treatment with Os04 followed by HIO4 converts 
LV to LVI. 

Conversion of key intermediate LVI to patent compound I-K is 
accomplished in several ways depending on the identity of side chain function 
X. Reaction of LVI with Wittig reagents followed by hydrogenation yields 

0 products in which X is alkyl, aryl or arylalkyl. Reduction of aldehyde LVI with 
LAH yields alcohol I-K (X = OH). The alcohol is converted to phenyl ethers or 
N-phthalimidoyl compounds by use of the appropriate starting materials and 
Mitsunobu conditions well known to those skilled in the art; see O 
Mitsunobu, Synthesis, 1 (1981). Alternatively the alcohol of I-K (X = OH) is 

5 converted to a leaving group such as tosylate (X = OTs) or bromide (X = Br) by 
conditions well known to those skilled in the art and then the leaving group 
is displaced by sulfur or azide nucleophiles to yield products with X = 
thioether or azide which in turn is reduced and acylated to yield amides (X = 
NHAcyl). Direct acylation of the alcohol I-K (X = OH) yields invention 

0 compounds in which X = OAcyl and reaction of the alcohol with various alkyl 
halides in the presence of base yields alkyl ethers (X = OR 2 ). In each case a 
final step is removal of acid blocking group R to yield acids (R = H) by using 
conditions which depend on the stability of R and X, but in all cases well 
known to those skilled in the art such as removal of benzyl by base hydrolysis 

5 or of 2-(trimethylsilyl)ethyl by treatment with tetrabutylammonium fluoride. 
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Method K 



10 



15 




LV 

Ozone then methylsulfide 




„CHO 




(T)* N 



20 



CO2R 

LVI IK 
Method L - Amides of the acids of the invention compounds can be 
prepared from the acids by treatment in an appropriate solvent such as 
dichloromethane or dimethylformamide with a primary or secondary amine 
and a coupling agent such as dicyclohexylcarbodiimide. These reactions are 
well known to those skilled in the art. The amine component can be simple 
alkyl or arylalkyl substituted or can be amino acid derivatives in wh.ch the 
carboxyl is blocked and the amino group is free. 

Suitable pharmaceutical^ acceptable salts of the compounds of the 
present invention include addition salts formed with organic or inorganic 
bases. The salt forming ion derived from such bases can be metal ions, e.g. 
aluminum, alkali metal ions, such as sodium of potassium, alkaline earth 
metal ions such as calcium or magnesium, or an amine salt ion, of which a 
number are known for this purpose. Examples include ammonium salts, 
arylalkylamines such as dibenzylamine and N,N-dibenzylethylenediamine, 
lower alkylamines such as methylamine, <-butylamine, procaine, lower 
alkylpiperidines such as N-ethylpiperidine, cycloalkylamines such as 
cyclohexylamine or dicyclohexylamine, 1-adamantylamine, benzathine or 
salts derived from amino acids like arginine, lysine or the like. The 
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physiologically acceptable salts such as the sodium or potassium salts and the 
amino acid salts can be used medicinally as described below and are preferred. 

These and other salts which are not necessarily physiologically 
acceptable are useful in isolating or purifying a product acceptable for the 
5 purposes described below. For example, the use of commercially available 
enantiomerically pure amines such as (+)-cinchonine in suitable solvents can 
yield salt crystals of a single enatiomer of the invention compounds, leaving 
the opposite enantiomer in solution in a process often referred to as "classical 
resolution." As one enantiomer of a given invention compound is usually 

10 substantially greater in physiological effect than its antipode, this active 
isomer can thus be found purified in either the crystals or the liquid phase. 
The salts are produced by reacting the acid form of the invention compound 
with an equivalent of the base supplying the desired basic ion in a medium in 
which the salt precipitates or in aqueous medium and then lyophilizing. The 

15 free acid form can be obtained from the salt by conventional neutralization 
techniques, e.g., with potassium bisulfate, hydrochloric acid, etc. 

The compounds of the present invention have been found to inhibit 
the matrix metalloproteases MMP-3, MMP-9 and MMP-2, and to a lesser extent 
MMP-1, and are therefore useful for treating or preventing the conditions 

20 referred to in the background section. As other MMPs not listed above share a 
high degree of homology with those listed above, especially in the catalytic 
site, it is deemed that compounds of the invention should also inhibit such 
other MMPs to varying degrees. Varying the substituents on the biaryl 
portions of the molecules, as well as those of the propanoic or butanoic acid 

25 chains of the claimed compounds, has been demonstrated to affect the relative 
inhibition of the listed MMPs. Thus compounds of this general class can be 
"tuned" by selecting specific substituents such that inhibition of specific 
MMP(s) associated with specific pathological conditions can be enhanced 
while leaving non-involved MMPs less affected. 

30 The method of treating matrix metalloprotease-mediated conditions 

may be practiced in mammals, including humans, which exhibit such 
conditions. 

The inhibitors of the present invention are contemplated for use in 
veterinary and human applications. For such purposes, they will be employed 
35 in pharmaceutical compositions containing active ingredient(s) plus one or 
more pharmaceutical^ acceptable carriers, diluents, fillers, binders, and other 
excipients, depending on the administration mode and dosage form 
contemplated. 
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Administration of the inhibitors may be by any suitable mode known to 
those skilled in the art. Examples of suitable parenteral administration 
include intravenous, intraarticular, subcutaneous and intramuscular routes. 
Intravenous administration can be used to obtain acute regulation of peak 
5 plasma concentrations of the drug. Improved half-life and targeting of the 
drug to the joint cavities may be aided by entrapment of the drug in 
liposomes. It may be possible to improve the selectivity of liposomal targeting 
to the joint cavities by incorporation of ligands into the outside of the 
liposomes that bind to synovial-specific macromolecules. Alternatively 
10 intramuscular, intraarticular or subcutaneous depot injection with or without 
encapsulation of the drug into degradable microspheres e.g., comprising 
poly(DL-lactide-co-glycolide) may be used' to obtain prolonged sustained drug 
release For improved convenience of the dosage form it may be possible to 
use an i.p. implanted reservoir and septum such as the Percuseal system 
15 available from Pharmacia. Improved convenience and patient compliance 
may also be achieved by the use of either injector pens (e.g. the Novo Pin or Q- 
pen) or needle-free jet injectors (e.g. from Bioject, Mediject or Becton 
Dickinson). Prolonged zero-order or other precisely controlled release such as 
pulsatile release can also be achieved as needed using implantable pumps 
20 with delivery of the drug through a cannula into the synovial spaces. 
Examples include the subcutaneously implanted osmotic pumps available 
from ALZA, such as the ALZET osmotic pump. 

Nasal delivery mav be achieved by incorporation of the drug into 
bioadhesive particulate carriers «200 urn) such as those comprising cellulose, 
25 polvacrylate or polvcarbophil, in conjunction with suitable aosorption 
enhancers such as phospholipids or acylcarnitines. Available systems include 
those developed by DanBiosys and Scios Nova. 

A noteworthy attribute of the compounds of the present invention in 
contrast to those of various peptidic compounds referenced in the background 
30 section of this application is the demonstrated oral activity of the present 
compounds. Certain compounds have shown oral bioavailability in various 
animal models of up to 90 - 98 %. Oral delivery may be achieved by 
incorporation of the drug into tablets, coated tablets, dragees, hard and soft 
gelatine capsules, solutions, emulsions or suspensions. Oral delivery may 
also be achieved by incorporation of the drug into enteric coated capsules 
designed to release the drug into the colon where digestive protease activity is 
low Examples include the OROS-CT/Osmet™ and PULSINCAP™ systems 
from ALZA and Scherer Drug Delivery Systems respectively. Other systems 
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10 



use azo-crosslinked polymers that are degraded by colon specific bacterial 
azoreductases, or pH sensitive polyacrylate polymers that are activated by the 
rise in pH at the colon. The above systems may be used in conjunction with a 
wide range of available absorption enhancers. 

Rectal delivery may be achieved by incorporation of the drug into 

suppositories. 

The compounds of this invention can be manufactured into the above 
listed formulations by the addition of various therapeutically inert, inorganic 
or organic carriers well known to those skilled in the art. Examples of these 
include, but are not limited to, lactose, corn starch or derivatives thereof, talc, 
vegetable oils, waxes, fats, polyols such as polyethylene glycol, water, 
saccharose, alcohols, glycerin and the like. Various preservatives, emulsifiers, 
dispersants, flavorants, wetting agents, antioxidants, sweeteners, colorants, 
stabilizers, salts, buffers and the like are also added, as required to assist in the 
15 stabilization of the formulation or to assist in increasing bioavailability of the 
active ingredient(s) or to yield a formulation of acceptable flavor or odor in 
the case of oral dosing. 

The amount of the pharmaceutical composition to be employed will 
depend on the recipient and the condition being treated. The requisite 
amount may be determined without undue experimentation by protocols 
known to those skilled in the art. Alternatively, the requisite amount may be 
calculated, based on a determination of the amount of target enzyme which 
must be inhibited in order to treat the condition. 

The matrix metalloprotease inhibitors of the invention are useful not 
only for treatment of the physiological conditions discussed above, but are also 
useful in such activities as purification of metalloproteases and testing for 
matrix metalloprotease activity. Such activity testing can be both in vitro 
using natural or synthetic enzyme preparations or in vivo using, for example, 
animal models in which abnormal destructive enzyme levels are found 
spontaneously (use of genetically mutated or transgenic animals) or are 
induced by administration of exogenous agents or by surgery which disrupts 
joint stability. 



20 



30 



Experimental: 

35 

General Procedures: 

All reactions were performed in flame-dried or oven-dried glassware 
under a positive pressure of argon and were stirred magnetically unless 
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otherwise indicated. Sensitive liquids and solutions were transferred via 
syringe or cannula and were introduced into reaction vessels through rubber 
septa. Reaction product solutions were concentrated using a Buchi evaporator 
unless otherwise indicated. 



Materials: 

Commercial grade reagents and solvents were used without further 
purification except that diethyl ether and tetrahydrofuran were usually 
distilled under argon from benzophenone ketyl, and methylene chloride was 
distilled under argon from calcium hydride. Many of the specialty organic or 
organometallic starting materials and reagents were obtained from Aldrich, 
1001 West Saint Paul Avenue, Milwaukee, WI 53233. Solvents are often 
obtained from EM Science as distributed by VWR Scientific. 



Chromatography: 

Analytical thin-layer chromatography (TLC) was performed on 
Whatman® pre-coated glass-backed silica gel 60 A F-254 250 urn plates. 
Visualization of spots was effected by one of the following techniques: (a) 
ultraviolet illumination, (b) exposure to iodine vapor, (c) immersion of the 
i plate in a 10% solution of phosphomolybdic acid in ethanol followed by 
heating, and (d) immersion of the plate in a 3% solution of p-anisaldehyde in 
ethanol containing 0.5% concentrated sulfuric acid followed by heating. 

Column chromatography was performed using 230-400 mesh EM 
Science® silica gel. 

I Analytical high performance liquid chromatography (HPLC) was 

performed at 1 mL maW on a 4.6 x 250 mm Microsorb® column monitored at 
288 nm, and semi-preparative HPLC was performed at 24 mL min" 1 on a 21.4 x 
250 mm Microsorb® column monitored at 288 nm. 



Instrumentation: 

Melting points (mp) were determined with a Thomas-Hoover melting 
point apparatus and are uncorrected. 

Proton (lH) nuclear magnetic resonance (NMR) spectra were measured 
with a General Electric GN-OMEGA 300 (300 MHz) spectrometer, and carbon 
thirteen ( 13 C) NMR spectra were measured with a General Electric GN- 
OMEGA 300 (75 MHz) spectrometer. Most of the compounds systhesized in 
the experiments below were analyzed by nmr, and the spectra were consistent 
with the proposed structures in each case. 
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Mass spectral (MS) data were obtained on a Kratos Concept 1-H 
spectrometer by liquid-cesium secondary ion (LCIMS), an updated version of 
fast atom bombardment (FAB). Most of the compounds systhesized in the 
experiments below were analyzed by mass spectroscopy, and the spectra were 
5 consistent with the proposed structures in each case. 



General Comments: 

For multi-step procedures, sequential steps are noted by numbers. 
Variations within steps are noted by letters. Dashed lines in tabular data 
10 indicates point of attachment. 

Exam ple i. Example ? „ Sample 3. Example 4, Example 5. and Example 6 

4-Chlorobiphenyl (2.859 g, 15.154 mmoles, supplied by TCI) was 
weighed into a 500 mL flask which had been purged with argon. Into this 

15 flask was transferred dihydro-3-(2-methylpropyl)-2,5-furandione (1.997 g, 
15.110 mmoles, for preparation see below) with 1,1,2,2-tetrachloroethane (50 
mL). The solution was cooled in an ice bath and then aluminum trichloride 
(4.09 g) was slowly added as a solid. The ice bath was removed and the 
reaction was allowed to warm to room temperature. The mixture was then 

20 heated in an oil bath for a total of 2.5 hours at which time the reaction was 
cooled in an ice bath and quenched with 10% HCL solution (200 mL). The 
aqueous mixture was extracted thrice with ethyl acetate and the combined 
organic extracts washed once with brine. The solution was dried over MgS0 4 
and concentrated in vacuo. Purification by flash chromatography (hexane- 

25 ethyl acetate) provided an oil that was recrystallized twice (hexane-ethyl 
acetate) to provide 1.358 g of a light orange solid which was mostly one 
material. Chromatography (ethyl acetate-hexane) of a small amount of this 
material yielded 52.0 mg of Example 1 (MP 138.5-139.5 °C) as a white fluffy 
solid and 4.0 mg of Example 6 (MP 185.5-186.5 °C) as side product from 

30 succinic anhydride as a minor impurity of dihydro-3-(2-methylpropyl)-2,5- 
furandione [prepared by the procedure in Wolanin, et al., US Patent 4,771,038 

(Sept. 13, 1988 - Examples 6 and 5c)]. 

P The mother liquors from a similarly prepared batch of Example were 
evaporated in vacuomd the residue evaluated by NMR spectroscopy to show 
35 the presence of an isomer, 5-methyl-3-[oxo-(4'-chloro4- 

biphenyOmethyllhexanoic acid, as a significant component This res idu w s 
prepurified by flash silica chromatography (methylene cWonde-methanoO to 
remove extraneous contaminants and then separated on a Chiralpak AD 
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10 



15 



20 



25 



30 



HPLC column (65% n-heptane, 35% (1% water + 0.2% TFA in ethanol)) to 
yield enantiomers of the regioisomer (Example 4/Example 5 mixed) along 
with those of Example 1. Separation of pure Example 1 on the same system 
yielded only the isomers of this compound as Example 2 (first off) and 
Example 3 (second off). Re-chromatography of the regioisomer mixture on a 
Chiralcei OJ ® column gave pure samples of Example 5 (first off) and Example 
4 (second off). 

In a separate experiment run in a similar manner using pure succinic 
anhydride instead of the above anhydride, the only product was Example 6. 

Fyample 1 - \ at»r Prepari ng and General Procedwe, 

4-Chlorobiphenyl (14.8 mmoles, 1 eq) was weighed into a 250 mL flask 
which had been purged with argon. Into this flask was transferred dihydro-3- 
(2-methylpropyl)-2,5-furandione (14.9 mmoles, 1 eq) with 1,1,2,2- 
tetrachloroethane (50 mL). The solution was cooled in an ice bath and then 
aluminum trichloride (30.8 mmoles, 2.07 eq) was slowly added as a solid. The 
ice bath was removed after approximately 30 minutes and the reaction was 
allowed to warm to room temperature and allowed to stir for at least 24 hours. 
It was then poured into cold 10% HCL solution and extracted three to five 
times with chloroform. The combined organic extracts were washed once 
with brine, dried over MgS0 4 and concentrated in vacuo. Purification by flash 
chromatography (methylene chloride-methanol) provided an oil that was 
recrvstallized twice (hexane-ethyl acetate) to provide 1.066 g of white solid 
(Example 1). The mother liquors from recrystallization were a mixture of 
regioisomers and a small amount of Example 6. 

The above methods for the preparation of Example 1 were used to 
prepare the following series of biphenyl products (TABLE I) using the 
appropriately substituted anhydride and the appropriately substituted 
biphenyl. 

TABLE I 

.OH 



example 
T 

2 
3 



R 6 a 
i-Bu 
i-Bu 
i-Bu 



fOi 
R^b 
H 
H 
H 




(T) x 
4-C1 
4-C1 
4-C1 



isom er m.p.(°C)/other characterization 
XS 138.5-139.5 

[a]D=-26.3(MeOH) 
[a] D= +25.4 (MeOH) 
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A 


n 


1 _ R 1 1 
l~D XX 






faln-263(MeOH) 


e 


n 


f uu 






[aln +26.1 (MeOH) 


6* 


n 


n 




R S 


185.5-186.5 


7* 


H 


T T 

rl 


4-or 






8 a 


H 


H 


4-F 




176.0-177.0 


9a 


H 


H 


2-F 




158.0-159.0 


10a 


H 


H 


2-C1 




175.0-176.0 


ll a 


H 


H 


2,4-(F)2 




133.0-134.0 




H 


H 


3-C1 




147.0-148.0 


1^ 

I J 


I DU 


H 

n 


H 


R S 

AX/ 


134.5-135.0 


14 
x*± 


f-Ru 
1 uu 


H 


4-Br 


R, S 


149.0-150.0 


15 


i-Bu 


H 


4-F 


R, S 


117.5-118.5 


16 


i-Bu 


H 


4-Et 


R, S 


153.0 


17 


i-Bu 


H 


2-F 


R, S 


119.0-120.0 


18 


i-Bu 


H 


2-C1 


R, S 


118.0-119.0 


19 


i-Bu 


H 


4-MeO 


R, S 


141.0-142.0 


20 


i-Bu 


H 


2,4-(F)2 


R, S 


133.0-134.0 


21 


i-Bu 


H 


4-Me 


R, S 


131.5-132.5 


22 


i-Bu 


H 


4-n-Pent 


R, S 


101.0-102.0 


23 a 


=CH2 


H 


4-C1 




169-170 


24a 


=CH2 


H 


2-C1 




186.0-187.5 


25 a 


Me 


H 


4-C1 


R, S 


196-197 


26^ 


n-pent 


H 


4-C1 


R, S 


141-142 



a Reference compound. b This anhydride (2-n-pentylsuccinic anhydride) was 
prepared according to the procedures given for dihydro-3-(2-methylpropyl)- 
2,5-furandione, except that valeraldehyde was used instead of 
isobutyraldehyde. 

5 

The above methods for the preparation of Example 1 were used to 
prepare the following series of phenyl containing products (TABLE II) using 
the appropriately substituted anhydride and the appropriately substituted aryl 
starting material. 

10 

TABLE II 




example R6 a (T) X A isomer m.p.(°C)/other characterization 

— 273 TSu 5 123.5-124.5 

28 a =CH2 Me 144.0-145.5 

a Reference compound. 
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The above methods for the preparation of Example 1 were used to 
prepare the following series of olefin containing products (TABLE ffl) using 
the appropriately substituted anhydride along with the appropriately 



5 substituted aryl starting material. 



20 



25 



TABLE HI 




OH 



example (T)vA ^ m °(°C) /other ■characterization 

-2^ z^y. T53 ^ 53 



30a 



144.0-145.5 



ci— f y — o-- 



a Reference compound. 




o 



Example 31 



Example 31: 

Example 19 (52.2 mg, 0.153 mmol) was dissolved in 2.5 ml glacial acetic 
acid and 1.5 ml cone HBr. This mixture was stirred overnight at ambient 
15 temperature and then refluxed for 13 hours. The reaction was allowed to coo 
before water was added to precipitate crude solid. This was dissolved in ethyl 
acetate and washed with brine. The solution was dried over MgS0 4 and 
concentrated in vacuo to give a solid that recrystallized from hexane-ethyl 
acetate as 24.6 mg white crystals. MP 188.0-189.0 C. 




.OH 



Example 32 
E xample 32 (ftfftrenee mppnund): 

Example 6 (127.2 mg, 0.441 mmol) was dissolved in 2 ml of pyridine. To 
this solution was added 32 mg of paraformaldehyde and 0.5 ml of pipendine. 
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The mixture was heated in an oil bath at 55-60 °C for 6 hours, then allowed to 
stir at ambient temperature overnight. The reaction was poured into 10% HC1 
and extracted with EtOAc, washed with saturated brine, dried over MgSC>4, 
filtered and solvent was removed in vacuo to give a crude solid. This solid 
5 was dissolved in EtOAc and filtered through a cotton plug to remove 
insoluble material. The residue was reaystallized with Hexane-EtOAc to give 
54.4 mg (41%) white crystals. MP 127.0-128.0 °C 




o 



10 Example 33 Isomer A - First off chromatography column. 

Example 34 Isomer B - Second off chromatography column. 
Example 33 and Example 34: 

Example 1 (103.5 mg, 0.300 mmol) was dissolved in 20 ml of water with 
the addition of 30.0 mg (0.687 mmol) of sodium hydroxide. The solution was 

15 cooled in an ice bath and then 13.0 mg (0.344 mmoles) of sodium borohydride 
was added as a solid. Stirring continued for 1 h. TLC (methylene chloride- 
2.5% methanol) indicated that starting material was still present, so the 
reaction was allowed to warm to room temperature overnight (16.5 h). 
Starting material was still present, so 13.0 mg more sodium borohydride was 

20 added at room temperature. The reaction was stirred for 2 h and then 
quenched with 10% HC1 and extracted twice with ethyl acetate. The combined 
organic extracts were washed once with brine and dried over MgS04. The 
solution was concentrated in vacuo to give 57.0 mg of a crude solid. This was 
purified by silica gel chromatography (methylene chloride-methanol) to give 

25 two major products Example 33 (7.9 mg) and Example 34 (19.1 mg). 

Example 33: *H NMR (MeOD-d3) d 7.56 (m, 4H), 7.38 (m, 4H), 4.66 (dd, J=9 Hz, 
J=3 Hz, 1H), 2.77 (m, 1H),1.95 (m, 1H), 1.75, 1.57 (m, 3H), 1.26 (m, 1H), 0.85 (d, 
J=6 Hz, 3H), 0.79 (d, J=6 Hz, 3H). 

Example 34: *H NMR (MeOD-d3) d 7.58 (m, 4H), 7.40 (m, 4H), 4.64 (t, J=6 Hz, 
30 1H), 2.34 (m, 1H), 2.10 (m and solvent), 1.74 (m, 1H), 1.54 (m, 2H), 1.28 (m, 2H), 
0.87 (d, J=6 Hz, 3H), 0.77 (d, J=6 Hz, 3H). 



o 
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Example 35 and Example 36 
Frrrnwl f 3 5 anH B«""i r1f * fi <Rgferenre compounds); 

The lactones Example 35 and Example 36 were prepared by dissolving a 
mixture of Example 33 and Example 34 (51 mg) in 25 ml benzene along with 
5 camphor sulfonic acid (11 mg). This mixture was refluxed for 12 hours usmg a 
Dean-Stark trap. The resultant solution was washed with aqueous sodium 
bicarbonate, dried over MgS0 4 and evaporated in vacuo. The residue was 
purified by silica gel chromatography with Hexane-EtOAc to give the separated 

lactones. _ . . TJ . - A ~ 

10 Example 28: lH NMR (CDCI3) d 7.3-7.7 (m, 8H), 5.6 (m, 1H), 2.75 (m, 1H), 2.45 
(m, 2H), 2.20 (solvent), 1.75 (m, 2H), 1.45 (m, 1H), 1.01 (d, J=7 Hz, 3H), 0.87 (d, 
J=7 Hz, 3H); MS (FAB-LSIMS) 329 (M+H1+ (C20H21O2CI FW=328.87). 
Example 29: *H NMR (CDCI3) d (m, 8H), (m, 1H), (m, 1H), 2 (m, 2H), 2.20 
(solvent), 1.75 (m, 2H), 1.45 (m, 1H), 1.01 ( d, J=7 Hz, 3H), 0.87 (d, J=7 Hz, 3H); 
15 MS (FAB-LSIMS) 328 [M] + (C 2 0H2lO 2 Cl FW=328.87). 

Example 37 

Fxampff 37 (Intermediate); . . 

20 The general method of Example 23 was used to prepare Example 37 by 

using acetyl chloride instead of itaconic anhydride. MP 100-101 C. 



25 



30 



OH 



Example 38 

f ra m r iP 38 (Reference compound); ^ 
Example 23 (97.9 mg, 0.325 mmol) was dissolved in 1.0 ml of a 0.446 M 
solution of potassium hydroxide in water. Slowly, 76.8 mg (2.030 mmol) of 
sodium borohydride was added. The mixture was stirred at room temperature 
for 15 h. The reaction was quenched by addition of 6 N HC1 and extracted 
twice with ethyl acetate and the combined organic extracts washed once wi* 
brine. The solution was dried over MgSQ 4 and concentrated tn vacuo. The 
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white solid was recrystallized (hexane-ethyl acetate) to provide 57.1 mg of 
white solid Example 38. MP 118-120°C. 




Example 39 
Example 39 (Referenc e compound): 

Example 39 was prepared from Example 9 in a way similar to the 
preparation of Example 38. Anal. C: calcd, 67.83; found, 67.80. H: calcd, 5.12; 
found, 5.50, with calcd 0.5 H2O. 



Example 40; 



Step 1 A solution of trimethyltin chloride (5.5 g, 27.60 mmol) in 5 mL of DME 

5 was added to a stirred suspension of small cubes of metallic sodium (1.9 g, 
82.64 mg atom) in 15 mL of DME under an argon stream in an ice bath. When 
the addition was complete, the mixture was stirred and chilled in an ice bath 
for 2 h (the color changed to green). The mixture was transferred via cannula 
into another dry and under argon round bottom flask to remove excess 

0 sodium and cooled to 0 °C. A solution of 4-bromobiphenyl (5.4 g, 22.70 
mmoles) in 14 mL of DME was added dropwise to the chilled NaSnMe3 
solution. The resulting solution was stirred at room temperature overnight at 
which time TLC analysis showed complete reaction. R/ of the trimethyltin 
product = 0.44 (silica, hexanes). The reaction mixture was then cooled in an 

5 ice bath and treated with iodine (6.6 g, 26.00 mmol). After stirring at room 
temperature for 1.5 h, the mixture was diluted with EtOAc, washed with 
water, brine, dried over MgS04, and the solvent removed at reduced pressure. 
The crude product was then purified by column chromatography with 
hexanes to afford 5.5 g (86 % yield) of white solid. TLC (silica, hexanes) Rf = 

0 0.54. 




Br 
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Step 2 A solution of 4-iodobiphenyl from step 1 (1.35 g, 4.82 mmol) in 25 mL 
of dry dichloroethane was treated with bromoacetyl bromide (0.47 mL, 5.21 
mmol) and cooled to 0 °C under a stream of argon. The cooled mixture was 
then treated with A1C1 3 (0.77 g, 5.77 mmol) and allowed to stir at room 
temperature overnight. The reaction mixture was poured into cold 10 % HC1 
and extracted thrice with methylene chloride. The combined extracts were 
then washed with brine, dried over MgS04, and concentrated at reduced 
pressure. Crystallization from EtOAc/hexanes afforded 1.1 g (58 % yield) as 
light brown fine needles. *H NMR (CD3OD) d 8.17 (d, J=8.4 Hz, 2H), 7.95 (d, 
J=8.4 Hz, 2H), 7.94 (d, J=8.7 Hz, 2H), 7.66 (d, J=8.1 Hz, 2H), 5.05 (s, 2H). 




Step 3 A solution of diethyl-(3-phenyl)propyl malonate (product of step 1 
from Example 114 preparation, 1.5 g, 5.28 mmoles) in 11 mL of dry THF was 

15 treated with NaH (0.12 g, 4.95 mmoles) under a stream of argon. The mixture 
was stirred at room temperature for 30 min at which time a homogenous 
mixture was obtained and the gas evolution ceased. A solution of 2-bromo-4- 
(4-iodophenyl)-acetophenone from step 2 (1.85g, 4.61 mmol) in 20 mL of dry 
THF was added and the reaction mixture was allowed to stir at room 

20 temperature for 4 h, at which time a TLC analysis showed complete reaction. 
The mixture was then quenched with 2N HC1. diluted with EtOAc, and the 
layers were separated. The aqueous layer was extracted twice with EtOAc and 
the combined extracts were washed with brine, dried over MgS0 4 , and the 
solvent removed at reduced pressure. The crude product was 

25 chromatographed with a gradient 3 %-40 % EtOAc in hexanes to afford 2.28 g 
(83 % yield) of pure product. TLC (silica, EtOAchexanes, 1:4) Rf = 0.37. 




Step 4 A solution of the diethylester from step 3 (2.28 g, 3.81 mmol) in THF (5 
30 ' mL)/EtOH (15 mL) was treated with 5 eq of NaOH in 5 mL of water and 
allowed to stir at room temperature overnight. At this time, the reaction 
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20 



mixture was acidified with 2N HC1 and the solvent removed at reduced 
pressure. The solid formed was then filtered, washed with water, and dried to 
afford 1.6 g (77 %) of pure product. TLC (silica, CH 2 Cl 2 :MeOH, 9:1) Rf = 0.14. 



25 



30 




Example 40 

Step 5 - Preparation of Example 40. The diacid from step 4 (1.6 g, 2.95 mmoles) 
was dissolved in 30 mL of 1,4-dioxane and refluxed for 36 h. The reaction 
mixture was then cooled to room temperature and the solvent removed at 
reduced pressure. The residue obtained was crystallized from EtOAc/hexanes 
to afford 0.6 g (41 % yield). MP 165-165.5 °C. 



O 




COjH 



Example 41 

Example 41; 

This compound was prepared in a similar manner to Example 4U, 
except that the diethvl isobutyl malonate was used instead of diethyl-(3- 
phenyDpropyl malonate. Elemental Analysis calcd. C 55.06, H 4.85; found C 
54.90, H 4.79. 



EtOjC- 



/==\ O 




COjH 



Example 42 

FMmP Ex!mple 40 (300 mg, 0.60 mmol) was dissolved in DMF (3 mL) and 
treated with ethyl acrylate (0.15 mL, 1.38 mmol), Pd(OAc) 2 (15 mg, 0.07 mmol), 
sodium bicarbonate (126 mg, 1.50 mmol), and tetrabutylammonium chloride 
(69 mg, 0.24 mmol). The mixture was refluxed for 3 days at which time it was 
diluted with ethyl acetate and transferred to a separatory funnel. The organic 
layer was washed with water, brine, dried over MgS04, and the solvent 
removed at reduced pressure. The crude product was chromatographed with 
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0-4% methanol in methylene chloride to afford 120 mg of product. MP 155-157 




cOgH 



5 Example 43 

Example 43; 

A suspension of Example 42 (28 mg, 0.06 mmol) in ethanol (1.5 mL) was 
treated with a solution of NaOH (14 mg, 0.35 mmol) in water (0.3 mL) and the 
mixture was stirred at room temperature overnight. At this time, it was 
10 quenched with 2N HC1 and extracted with methylene chloride (2 x 10 mL). 
The combined extracts were washed with brine, dried over MgS04, and the 
solvent removed at reduced pressure to afford 23 mg (87%) of product. MP 
230-232 °C 




CO2H 



15 Example 44 

Example 44; 

A solution of Example 42 (60 mg, 0.13 mmol) in ethanol (2 mL) was 
treated with 10% Pd on C (10 mg) and the mixture was stirred at room 
temperature overnight under a hydrogen gas balloon. At this time, the 
20 reaction mixture was filtered through celite and the solvent was removed at 
reduced pressure to afford 43 mg of product as oil. MS (FAB-LSIMS) 458 (M] + . 




COgH 

Example 45 



25 Example 45; 

A suspension of Example 44 (15 mg, 0.03 mmol) in ethanol (1 mL) was 
treated with a solution of sodium hydroxide (9 mg, 0.23 mmol) in water (0.2 
mL) and allowed to stir at room temperature for 1.5 days. The reaction 
mixture was then quenched with 2N HC1, diluted with ethyl acetate and the 
30 layers were separated. The organic layer was washed with brine, dried over 
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MgS04, and the solvent was removed at reduced pressure to afford 12 mg of 
product. MP 131-132 °C. 




COjjH 



5 Example 46 

Example 46; 

Example 41 (50 mg, 0.12 mmol), Cu(I)CN (36 mg, 0.40 mmol), and 0.7 
mL of l-methyl-2-pyrrolidinone were mixed and heated at 125 °C for 24 h. 
The reaction mixture was diluted with methylene chloride and evaporated at 
10 reduced pressure. The crude product was then chromatographed with 0-8% 
methanol in methylene chloride on the MPLC to afford 26.5 mg (66% yield) of 
product. HRMS (FAB) calcd. for C21H22NO3S [M+H] + 336.15997, Found 
336.16129. 



15 Example 47; _ 

CO2H 

Step 1 This intermediate was prepared in a similar manner to Example 40 
except 2,4'-dibromoacetophenone was used instead of 2-bromo-4-(4- 
iodophenyDacetophenone. TLC (methylene chloride - 10% methanol) Rf 0.52. 




CO jMb 



Step 2 Methylation of the product from step 1 with diazomethane in ethanol 
afforded quantitative yield of the methyl ester. TLC (hexanes, 10% ethyl 
acetate) Rf 0.21. 




CO jMb 



Step 3 The product from step 2 (1.85 g, 4.75 mmol), hexamethylditin (2.00 g, 
5.80 mmol), and palladium tetrakistriphenylphosphine (44 mg, 0.038 mmol) 
in 7 mL of toluene were refluxed for 3 h under argon. TLC showed complete 
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reaction. The reaction mixture was then cooled to room temperature, the 
solvent was removed at reduced pressure, and the residue was 
chromatographed on the MPLC with 3-30% ethyl acetate in hexanes to afford 
2.25 g (100% yield) of the trimethyltin product. TLC (hexanes - 10% ethyl 
acetate) Rf 0.26. 



10 



15 



20 



25 



BocHN 




CO 2Mb 



Step 4 4-Bromo-N-Bocaniline (0.61 g, 2.24 mmol), the product from step 3 
(0 51 g, 1.08 mmol), and palladium tetrakistriphenyl-phosphine (94 mg, 0.08 
mmol) in 9 mL of toluene were refluxed for 3 h under argon. After TLC 
showed complete reaction, the reaction mixture was filtered, concentrated at 
reduced pressure, and chromatographed with 3-60% ethyl acetate in hexanes 
to afford 180 mg of product (33% yield) as the methyl ester. TLC (hexanes - 
20% ethyl acetate) Rf 0.26. 

Step 5 - Preparation of Example 47. The methyl ester (93 mg) was dissolved in 
3 mL of ethanol and treated with 5 eq of sodium hydroxide in 0.5 mL of H2O. 
The mixture was stirred at room temperature for 10 h at which tune TLC 
showed complete hydrolysis of the methyl ester. The reaction mixture was 
acidified with 2N HC1, diluted with ethyl acetate, and the layers were 
separated. The organic layer was washed with brine, dried over MgS0 4 , and 
the solvent removed at reduced pressure to afford 82 mg of product. MP 169- 
171 °C. 

The above methods for the preparation of Example 47 were used to 
prepare the following series of biphenyl products (TABLE IV) using the 
appropriate bromides instead of 4-bromo-Boc-aniline in step 4. 



TABLE IV 




e xample 
"47 
48 



(T) x 
NHBoc 
t-Bu 



i somer 

"r7s" 

R,S 



m.p.CO/other characterization 
' 169-171 
124-125 
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49 


CH2NHBOC 


R, S 


50 


CH2CN 


R,S 


51 


SMe 


R, S 


52 


(XCH2)2C1 


R, S 


53 


CH2OH 


R, S 


54 


CKCH2)20H 


R, S 


55 


CH2=CH2 


R, S 


56 


CN 


R, S 



156 
139-140 
174.5-175 

155- 156 
165-166 
167-168 

156- 157 
199-200 




CO2H 



Example 57 

Emnplfi 57 ; 

5 The methyl ester of Example 56 (81 mg, 0.2 mmol, from treatment of an 

ethanol solution of Example 56 with diazomethane followed by solvent 
evaporation in vacuo) was dissolved in 1 mL of toluene and treated with 
trimethyltin azide (62 mg, 0.3 mmol). The reaction mixture was refluxed for 5 
days. At this time, the reaction mixture was cooled to room temperature, 

10 diluted with ethyl acetate, washed with brine and dried over MgS04 The 
crude product was chromatographed with 0-20% methanol in methylene 
chloride to afford 56 mg of the methyl ester tetrazole product. The methyl 
ester product was suspended in ethanol and treated with 2N NaOH solution 
(0.5 mL) and stirred at room temperature for 3 h. The reaction mixture was 

15 then quenched with 2N HC1, diluted with ethyl acetate, and the layers were 
separated. The organic layer was washed with brine and dried over MgSCM to 
afford 34 mg of Example 57 crystallized from ethyl acetate / hexanes. MP 176- 
177 °C 



20 



25' 




CO2H 



Example 58 

Example 58: 

Example 47 (46 mg, 0.094 mmol) was dissolved in 1.5 mL of methylene 
chloride and treated with trifiuoroacetic acid (0.16 mL, 2.06 mmol). The 
mixture was stirred at room temperature for 32 h, when TLC showed 
complete reaction. The solvent was removed at reduced pressure and the 
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solid obtained was washed with ethyl acetate /hexanes to afford 40 mg of 
product as TFA salt. MP 170-174 °C (dec.). 




COjH 



Example 59 

Example sfr 

This compound was prepared in a similar manner to that of Example 
58, except Example 49 was used instead of Example 47. MP 146-148 °C. 




CO2H 

Example 60 
Example 60; 

The methyl ester of Example 58 (50 mg, 0.13 mmol) in methanol / 
tetrahydrofuran (0.7 mL / 0.4 mL) was treated with 37% aqueous 
15 formaldehyde (0.11 mL, 1.46 mmol), glacial acetic acid (0.032 mL), and sodium 
cyanoborohydride (0.32 mL, 1.0 M in THF, 0.32 mmol). The reaction mixture 
was stirred at room temperature for 2 h at which time the solvent was 
removed at reduced pressure and saturated potassium carbonate was added to 
the residue. Ethyl acetate was added to the mixture and the layers were 
20 separated. The aqueous layers was extracted with ethyl acetate and the 
combined extracts were washed with brine, dried over MgS04, and the solvent 
removed at reduced pressure to afford 47 mg (88% yield) of the methyl ester 
product. TLC (hexanes - 20% ethyl acetate) Rf 0.35. 

The methyl ester product (47 mg, 0.11 mmol) was suspended in ethanol 
25 (2 mL) and treated with 10 eq of sodium hydroxide in H2O (1 ml). The 
mixture was stirred at room temperature for 16 h at which time TLC showed 
complete reaction. The ethanol was then removed at reduced pressure, the 
residue was diluted with ethyl acetate, and the mixture was acidified with 2N 
HC1. At this time, the layers were separated and the organic portion was 
washed with brine, dried over MgSC»4, and the solvent removed at reduced 
pressure to afford 48 mg (96% yield) of product as the hydrochloride salt. MP 
166-168 °C. 
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5 Steps 1, 2 and 3 A three neck 2 L flask equipped with a mechanical stirrer was 
charged, under argon atmosphere, with a potassium tert-butoxide / tert- 
butanol solution ( 800 mL, 1.0 M) and brought to reflux. Isobutyraldehyde 
(66.2 mL, 729 mmol) and diethyl succinate (151 mL, 907 mmol) were combined 
and added dropwise over 0.5 h. The reaction solution was refluxed an 

0 additional 1.5 h and cooled to ambient temperature. The solution was diluted 
with ethyl acetate (800 mL) and washed with 2N hydrochloric acid solution 
(500 mL). The ethyl acetate solution was separated and washed with 10% 
sodium carbonate solution (6 X 200 mL). The basic washings were combined 
and acidified with concentrated hydrochloric acid. Extraction of product was 

5 accomplished with ethyl acetate (5 X 250 mL). The washings were combined, 
dried over magnesium sulfate, and concentrated. A portion of this material 
was immediately hydrogenated with palladium on carbon using Parr 
apparatus. This afforded 90.18 grams of the desired acid ester compound 
shown above. This was then converted to the corresponding ester acid 

0 chloride by refluxing with oxalyl chloride (1 eq). 

Step 4 A solution of trimethylsilyl tin chloride (21.8 g, 109.5 mmol) in freshly 
distilled dimethoxyethane (50 mL) was added to a suspension of sodium (7.6 g, 

5 330 mL), naphthalene (200 mg, 1.56 mmol), and dimethoxyethane under 
argon atmosphere cooled to -20°C. After 2.5 h, the suspension had turned to a 
dark green color. The solution was then decanted from excess sodium . A 
solution of 1,4 dibromopyridine (10 g, 42.2 mmol) and dimethoxyethane was 
added over 0.3 hours at 0 °C under argon. The solution was slowly warmed 

0 to ambient temperature, the poured into 500 mL water. The solution was 
washed with dichloromethane (4 X 250 mL) and the extracts were combined 
and dried over MgS04. Concentration afforded a brownish solid that was 
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recrystallized from acetonitrile to afford 13.8 g of 1,4 bis-trimethylsilyl tin 
pyridine. 




5 Example 61 

Steps 5, 6 and 7 - Preparation of Example 61. Potassium carbonate (100 mg) was 
suspended in a solution of the acid chloride from step 3 (1.91 g, 9.6 mmol), the 
product of step 4 (3.9 g, 9.6 mmol) and toluene (50 mU This was then 
refluxed 48 h before being cooled to ambient temperature and diluted with 

10 ethyl acetate. Solids were filtered off and solvent removed. The remaining 
oil was chromatographed on silica with an ethyl acetate /hexane eluent. The 
resulting material was coupled to p-iodo ethyl benzene (1 eq) by refluxing in a 
solution of tetrahydrofuran in the presence of bis-(triphenylphosphine) 
palladium (II) chloride (20 mole %). The coupled product was 

15 chromatographed on silica with ethyl acetate /hexanes and saponified by 
addition of sodium hydroxide to an aqueous ethanol solution. Acidification 
to pH 5 afforded a yellow solid which was filtered off and recrystallized from 
ethyl acetate/hexanes. This afforded 53 mg of Example 61. MP 111-112 C 



20 



25 



FramplP 62. F vamplP 63. and Example 64; 

Step 1 (A) A one-necked, 50-mL, round-bottomed flask equipped with a 
rubber septum and an argon needle inlet was charged with 7 mL THF, sodium 
hydride (0.058 g, 2.42 mmol) and cooled to 0 »C while diethyl isobutylmalonate 
(0 476 g, 0.491 mL, 2.20 mmol) was added dropwise via syringe over ca. 2 mm. 
The resulting mixture was stirred for 30 min at 0 °C and 1 h at room 
temperature. The reaction mixture was then cooled to 0 °C while a solution of 
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2,4'-dibromoacetophenone (0.556 g, 2.00 mmol in 3 mL THF) was added 
dropwise via cannula over ca. 1 min. The resulting mixture was stirred for 30 
min at 0 °C and 13 h at room temperature. A mixture of water (30 mL) and 
hexanes (50 mL) was added and the resulting aqueous phase was extracted 
with a second 20-mL portion of hexanes. The combined organic phases were 
dried over MgS04, filtered, and concentrated to provide a yellow oil. Column 
chromatography on 30 g of silica gel (gradient elution with 1-5% ethyl acetate- 
hexanes) afforded 0.53 g (64%) of product as a colorless oil. TLC (5% ethyl 
acetate-hexanes) Rf- 0.24. 




Step 1 (B) Treatment of diethyl phenylpropylmalonate (1.00 g, 3.59 mmol) 
according to the general alkylation procedure of step 1 (A) afforded 1.11 g (71%) 
of product as a colorless oil. TLC (10% ethyl acetate-hexanes) Rf = 0.19. 




Step 2 (A) A one-necked, 10-mL, round-bottomed flask equipped with a reflux 
condenser fitted with an argon inlet adapter was charged with 4 mL toluene, 
the product of step 1 (A) (0.100 g, 0.242 mmol), hexamethyl ditin (0.159 g, 0.484 
mmol), tetrakis(triphenyl-phosphine)palladium (0.014 g, 0.0121 mmol), and 
heated at reflux for 24 h. The resulting mixture was concentrated to provide a 
black oil. Column chromatography on 15 g of silica gel (elution with 5% ethyl 
acetate-hexanes) afforded 0.107 g (89%) of product as a colorless oil. TLC (5% 
ethyl acetate-hexanes) Rf = 0.33. 
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Step 2 (B) Treatment of product from step 1 (B) (0.150 g, 0.316 mmol) according 
to the general procedure of step 2 (A) afforded 0.155 g (88%) of product as a 
colorless oil. TLC (10% ethyl acetate-hexanes) Rf = 0.19. 



20 



Step 3 (A) A one-necked, 10-mL, round-bottomed flask equipped with a reflux 
condenser fitted with an argon inlet adapter was charged with 1 mL 
dimethoxyethane or toluene, the product of step 2 (A) (0.107 g, 0 215 mmol), - 
bromo-3,4-dichlorobenzene (0.097 g, 0.429 mmol), tetrakis(triphenyl- 
phosphine)palladiu m (0.025 g, 0.0216 mmol), and heated at reflux for 24 £ 
The resulting mixture was concentrated to provide a black on. Column 
chromatography on 15 g of silica gel (elution with 5% ethyl acetate-hexanes) 
aLded 0.058 g (57%) of product as a white solid. TLC (10% ethyl acetate- 
hexanes) Rf = 0.26. 




Step 3 (B) Reaction of the product of step 2 fl» (0 079 g 0 HI mmol. «*4 
bromobonzoWfluor.de in toluene according to the general coupling prtxedur 
of step 3 (A) alforded 0.069 g (91%) of product as a whtte sohd. TLC (10% elhyl 
acetate-hexanes) Rf = 0.18. 



OjN 

SUP 3 (O Reaction of .he^uct of step 2 (B) (0*58 g, 0.104 mmo» wi* 1- 
* ^nitrobenzene in hofuene according to the general ooupUng procedu* 
of step 3 (A) afforded 0.042 g (78%) of product as a wlute sohd. TLC (10% ethyl 
acetate-hexanes) Rf = 0.06. 
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Example 62 

Step 4 <B> - Preparation of Example 62. A one-necked, 10-mL, round-bottomed 
flask equipped with an argon inlet adapter was charged with 3 mL ethanol, 
product of step 3 (B) (0.069 g, 0.128 mmol), and 1 mL of an aqueous 25% 
sodium hydroxide solution. The resulting mixture was stirred for 10 ha 
room temperature. The reaction mixture was acidified with a 10% HC1 
solution, and extracted three times with 20-mL portions of ether. The organic 
phase was dried over MgS0 4 , filtered, and concentrated to provide a yellow 
solid, which was dissolved in 2 mL of 1,4-dioxane and heated to reflux for 24 h 
in a one-necked, 10-mL, round-bottomed flask equipped with a reflux 
condenser fitted with an argon inlet adapter. The resulting mixture was 
concentrated to provide a yellow solid. Column chromatography on 10 g o 
silica gel (elution with 40% ethyl acetate-hexanes containing 1% acetic acid 
afforded 0.033 g (59%) of Example 62 which was recrystallized once from ethyl 
acetate-hexanes to provide a white solid. MP 165 °C. 




Example 63 

Step 4 (C) - Preparation of Example 63. Treatment of the product of step 3 (C> 
(0.042 g, 0.081 mmol) according to the general procedure of Example ,62 
afforded 0.023 g (68%) of Example 63 which was recrystallized once from ethyl 
acetate-hexanes to provide a white solid. MP 183 °C 




Example 64 
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Step 4 (A) - Preparation of Example 64. Treatment of the product of step 3 (A) 
(0.050 g, 0.104 mmol) according to the general procedure of Example 62 
afforded 0.010 g (25%) of Example 64 which was recrystallized once from ethyl 
acetate-hexanes to provide a white solid. MP 132 °C 

5 




Step 1 Treatment of the product of step 1 (B) of the Example 62 preparation 
(13.34 g, 28.06 mmol) according to the general procedure of Example 62, step 4 
10 (B) afforded 4.36 g (41%) of the above 4-bromophenyl intermediate which was 
recrystallized once from 1-chlorobutane to provide a white solid. MP 147 °C 




Step 2 Treatment of the 4-bromophenyl intermediate from step 1 (1.00 g, 2.66 
15 mmol) in the presence of anhydrous K2CO3, according to the general 
procedure of step 2 (A) of the example 64 preparation afforded 0.706 g (58%) of 
the 4-trimethylstannylphenyl compound as a white solid. TLC (30% ethyl 
acetate-hexanes containing 1% acetic acid) Rf = 0.47. 

20 Step 3 - Preparation of Example 65. A one-necked, 10-mL, round-bottomed 
flask equipped with a reflux condenser fitted with an argon inlet adapter was 
charged with 3 mL toluene, the product of step 2 (0.050 g, 0.108 mmol), 1- 
bromo-3,4«dichlorobenzene (0.049 g, 0.217 mmol), and 
tetrakis(triphenylphosphine)palladium (0.013 g, 0.0112 mmol). The resulting 

25 mixture was heated at reflux for 24 h, and then concentrated to provide a black 
oil. Column chromatography on 15 g of silica gel (elution with 20% ethyl 
acetate-hexanes containing 0.5% acetic acid) afforded 0.033 g (69%) of Example 
65 which was recrystallized once from ethyl acetate-hexanes to provide a white 
solid. MP 137°C. 

30 
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The above methods for the preparation of Example 65 were used to 
prepare the following series of biphenyl products (TABLE V) using the 
appropriate bromides in step 3. 

TABLE V . 



example 




Ph 



isomer m.p.(°C)/other characterization 



10 



65 
66 

67^ 

68 

69 

70 
71 

72 



»-£>- 



s 

3-pyridyl 
4-(n-pentylS)phenyl 



R, S 



R, S 

R, S 

R,S 

R, S 

R, S 
R, S 

R,S 



137 
123 

131 
120 
154 

MS (FAB-LSEMS) 374 [M+H] + 
MS (FAB-LSIMS) 460 [M+H] + 

113 



apreparation of l-Acetoxy-4-bromobenzene: A one-necked, 25-mL, round- 
bottomed flask equipped with an argon inlet adapter was charged with 5 mL 
pyridine, 4-bromophenol (1.00 g, 5.78 mmol), and acetic anhydride (2.80 g, 27.4 
mmol). The resulting mixture was stirred for 12 h at room temperature. A 
mixture of water (20 mL) and ether (50 mL) was added and the resulting 
organic phase was washed with a second 20-mL portion of water. The organic 
phase was dried over MgS0 4 , filtered, and concentrated to provide a colorless 
oil. TLC (10% ethyl acetate-hexanes)K/ = 0.54. 



15 Example 73: 

A one-necked, 100-mL, round-bottomed flask equipped with a reflux 
condenser fitted with an argon inlet adapter was charged with 30 mL toluene, 
the product of step 1 of the example 65 preparation (1.00 g, 2.66 mmol), 4- 
methoxybenzeneboronic acid (1.60 g, 10.5 mmol), sodium carbonate or 
potassium carbonate (1.60 g, 11.6 mmol) and tetrakisUriphenyl- 
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phoshine)palladium (0.300 g, 0.260 mmol). The resulting mixture was heated 
at reflux for 12 h. After cooling to room temperature, 5 mL of 30% hydrogen 
peroxide solution was added and the resulting mixture stirred for 1 h. A 
mixture of ether (300 mL) and a 10% HC1 solution (300 mL) was added and the 
5 resulting organic phase was washed with 300 mL of saturated sodium chloride 
solution. The organic phase was dried over MgS04, filtered, and concentrated 
to afford 0.879 g (82%) of Example 73 which was recrystallized once from 1- 
chlorobutane to provide a white solid. MP 169 °C. 

10 The above method for the preparation of Example 73 was used to 

prepare the following series of biphenyl products (TABLE VI) using the 
appropriate boronic acid. 
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TABLE VI 



ex. 



(T) X A 




m.p.(°C) /other characterization 



73 
74 

75 a 
76 

77 

78 
79 

80 



81 



82 



UtO 



-o- 

CI 

-b- 

0 

CI 

OHC-Q.- 

p. 

a 



CHO 

c5- 



R, S 
R, S 

R, S 
R, S 

R, S 

R, S 
R, S 

R, S 



R, S 



R, S 



169 
141 

144 
145 

138 

174 
145 



lH NMR (CDCI3, 300 MHz) d 7.94 (d, / = 8.8 
Hz, 2H), 7.67 (d, / = 8.8 Hz, 2H), 7.41 (br d, / = 
3.7 Hz, 1H), 7.36 (br d, / = 5.2 Hz, 1H), 7.09- 
7.28 (m, 6H), 3.43 (dd, / = 8.1, 16.5 Hz, 1H), 
3.03-3.12 (m, 2H>, 2.64 (brt. / = 7.0 Hz, 2H), 
and 1.69-1.78 (m, All) 

118 



lH NMR (CDCI3, 300 MHz) d 9.94 (s, 1H), 
8.04 (d, / = 8.5 Hz, 2H), 7.49-7.66 (m, 3H), 7.47 
(d, / = 8.5 Hz, 2H), 7.42 (d, / = 8.1 Hz, 1H), 
7.14-7.30 (m, 5H), 3.49 (dd, / = 8.1, 16.5 Hz, 
1H), 3.05-3.13 (m, 2H), 2.66 (brt, / = 7.0 Hz, 
2H), and 1.71-1.80 (m, 4H) 
Preparation of 4-Ethoxybenzeneboronic Acid: A one-necked, 25-mL, 
round-bottomed flask equipped with a reflux condenser fitted with an 
argon inlet adapter was charged with magnesium powder (0.255 g, 10.5 
mmol, -50 mesh), 7 mL THF, and 4-bromophenetol (1.41 g, 1.00 mL, 7.00 
mmol). The resulting mixture was heated to reflux for 3 h. A second one- 
necked, 25-mL, round-bottomed flask equipped with a rubber septum and 
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25 



30 



an argon inlet needle was charged with triisopropyl borate (3.95 g, 4.85 mL, 
21.00 mmol) and cooled to -78 °C while the Grignard reagent prepared 
above was added dropwise via cannula over ca. 5 min. The cooling bath 
was removed and the reaction mixture was stirred for 3 h at room 
temperature. A mixture of ether (50 mL) and a 10% HC1 solution (50 mL) 
was added and the resulting organic phase was washed with a 100-mL 
portion of water. The organic phase was dried over MgS0 4 , filtered, and 
concentrated to provide a yellow solid which was r ^ stall ^ ed / ^ m i e * e n r - 
hexanes to provide 0.783 g (67%) of a white solid. *H NMR (CDCI3, 300 
MHz) d 8.14 (d, / = 8.5 Hz, 2H), 6.98 (d, / = 8.5 Hz, 2H), 4.11 (q, / = 7.0 Hz, 2H), 
and 1.45 (t, / = 7.0 Hz, 3H). 




15 Example 83; - 

A one-necked, 100-mL, round-bottomed flask equipped with a reflux 
condenser was charged with 35 mL acetic acid, Example 73 (0.751 g, 1.86 mmol), 
and 20 mL 48% hydrobromic acid. The resulting mixture was heated at 90 C 
for 12 h. After cooling to room temperature, 100 mL of ethyl acetate was added 
and the resulting mixture was washed twice with 100 mL of water, and once 
with 100 mL saturated sodium chloride solution. The organic phase was dried 
over MgS0 4 , filtered, and concentrated to afford a brown solid. Column 
chromatography on 50 g of silica gel (5% methanol-methylene chloride) 
afforded 0.530 g (73%) of Example 83 as a white solid. MP 189 °C 



A one-necked, 10-mL, round-bottomed flask equipped with a rubber 
septum and an argon needle inlet was charged with 1 mL DMF and Example 
83 (0 100 g, 0.257 mmol). Sodium hydride (0.014 g, 0.583 mmol) was added and 
the reaction mixture stirred 10 min at room temperature. l-Iodopropane 
(0 130 e, 0.075 mL, 0.765 mmol) was added and the resulting mixture heated to 
60 °C for 12 h. After cooling to room temperature, the reaction mixture was 
diluted with 50 mL of ethyl acetate, washed twice with 20 mL of water, and 
washed once with 20 mL saturated sodium chloride solution. The organic 
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phase was dried over MgS0 4 , filtered, and concentrated to afford an oil. A 
second, one-necked, 10-mL, round-bottomed flask equipped with . rubber 
septum and an argon needle inlet was charged with the above ou, 1 mL THM 
Z methanol, and 2 mL of a 1 M sodium hydroxide solution. The resu ting 
5 mixture was stirred 10 min at room temperature, dissolved m 20 mL ethyl 
acetate and washed twice with 20 mL of a 10% HCL solution ^e orgamc 
phase was dried over MgS0 4 , filtered, and concentrated to afford, after HPLC 
purification, 0.014 g (13%) of Example 84 as a white solid. MP 126 °C 

10 The above method for the preparation of Example 84 was used to 

prepare the following series of biphenyl products (TABLE VII) using the 

appropriate alkylating agent. 

s ~ TAB LE VII 

ph 



example 

"84" 

85 
86 
87 
88 
89 
90 
91 
92 
93 

94 
95 
96 
97 

98 
99 
100 
101 
102 
103 

104 



R4 
w-propyl 
n-pentyl 
n-pentyl 
n-pentyl 
n-hexyl 
n-butyl 
Ph(CH2)3 
i-Pr 
n-hept 

o- 

i-Bu 
allyl 
isoamyl 

2-pentyl 
PhCH2 
PhCH2 
PhCH2 
Ph(CH2)2 





•CH, 



isomer 

R, S 
R, S 
(-) 
(+) 
R, S 
R,S 
R, S 
R, S 
R, S 
R, S 

R, S 
R, S 
R, S 
R, S 

R, S 
R, S 
(+) 
(-) 
R, S 
R, S 

R, S 



m.p.CC ) /other characterization 
126 
110 

la) D= -27.3(CHCl3) 

110 
159 
138 
122 
114 
141 

119 
143 
110 
127 

120 
144 

[a] D=+26.7(CHCl3) 

152 
136 

166 
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105 


mo—/ V- cm, 
W 


R,S 


153 


106 




R,S 


128 


107 


a 


R,S 


150 


108 


n-decyl 


R,S 


108 


109 


Or*- 


R,S 


178 


110 




R,S 


166 


111 




R,S 


187 


112 




R,S 


208 


113 




R,S 


236 




ho,c ~^~V~ chi 





Example 114; 

o 




Step 1 A dry 2-L, three-necked, round-bottomed flask was equipped with a stir 
5 bar, a pressure equalizing addition funnel, an argon inlet and a thermometer. 
The flask was charged with a suspension of sodium hydride (8.4 g of 95% NaH; 
-0.33 mol) in dry THF (700 mL) and was cooled with an ice water bath. Diethyl 
malonate (48.54 g, 0.30 mol) was added dropwise from the addition funnel 
over 25 min. Stirring was continued for 1.5 h before adding l-bromo-3- 

10 phenylpropane (47 mL, -61 g, -0.30 mol) over 10 min via the addition funnel. 
Rinses of the addition funnel (THF, 2 x 10 mL) were added to the reaction 
mixture and stirring was continued for 30 min. The addition funnel and 
thermometer were replaced with a reflux condenser and stopper, and the 
reaction was heated at reflux for 19 h. The mixture was cooled to room 

15 temperature and then with an ice water bath. Distilled water (400 mL) was 
slowly added with stirring. The layers were separated and the aqueous phase 
was extracted with chloroform (100 mL). The combined organics were washed 
with 10% HC1 (250 mL) and the separated aqueous phase was back-extracted 
with chloroform (100 mL). The combined organics were washed with 

20 saturated NaHC03 (250 mL) and the separated aqueous phase was back- 
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extracted with chloroform (100 mL). The organics were dried (Na2S04) and 
concentrated to yield a yellow oil which was purified by distillation through a 
Vigreux column at reduced pressure (0.4 torr). The fraction boiling at 124-138 
°C was clean desired product (57.21 g, 0.206 mol; 68% yield). TLC (hexanes- 
5 dichloromethane, 1:1): Rf= 0.32. 




Step 2 A 2-L, three-necked, round-bottomed flask was equipped with a 
mechanical stirrer, a thermometer and an argon inlet. The flask was charged 

10 with a solution of 4-chlorobiphenyl (48.30 g, 0.256 mol) in dichloromethane 
(500 mL, freshly opened bottle). Bromoacetyl bromide (23 mL, -53.3 g, -0.26 
mol) was added via syringe and the solution was cooled with an ice water bath 
to an internal temperature of 3 °C. The thermometer was temporarily 
removed and AICI3 was added portionwise over 5 min. The internal 

15 temperature rose to 10 °C and white gas evolved from the opaque olive green 
reaction mixture. After 24 h of stirring, the reaction was quenched by 
cautiously pouring into cold 10% HC1 (1 L). The organic layer became cloudy 
yellow green. Chloroform was added to help dissolve solids, but the organic 
layer never became transparent. The organics were concentrated on a rotary 

20 evaporator and were dried further under high vacuum. The crude product 
was a pale green solid (-82 g) which recrystallized from hot ethyl acetate to 
give l-(2-bromoethanone)-4-(4-chlorophenyl)-benzene as brown needles (58.16 
g). Concentration of the mother liquor followed by addition of hexanes 
delivered a second crop of crystals (11-06 g) which gave an NMR spectrum 

25 identical to that of the first crop. The total yield of the title product was 87%. 
TLC (hexanes-dichloromethane, 2:1): Rf= 0.30. 

The general method of the preparation of l-(2-bromoethanone)-4-(4- 
chlorophenyD-benzene was used to prepare l-(2-bromoethanone)-4-(4- 
bromophenyD-benzene, 1 -(2-bromoethanone)-4-(4-nitrophenyl)-benzene and 

30 1 -(2-bromoethanone)-4-(4-cyanophenyl)-benzene. 



O^OH 
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Step 3 A dry 1-L, three-necked, round-bottomed flask was equipped with a 
magnetic stir bar, a thermometer, an argon inlet and a pressure equalizing 
addition funnel. The flask was charged with a suspension of sodium hydride 
(4.7 g of 95% NaH; -0.185 mol) in dry THF (400 mL), and the addition funnel 
was charged with the malonate product from step 1 (46.76 g, 0.168 mol). The 
reaction vessel was cooled with an ice water bath while the malonate was 
added dropwise over 18 min. After the reaction stirred for 45 min, a solution 
of the bromomethyl ketone product from step 2 (52.00 g, 0.168 mol) in dry THF 
(200 mL) was added via the addition funnel over 20 min. The deep orange 
reaction mixture was stirred under argon overnight while slowly warming to 
room temperature. The reaction vessel was cooled in an ice water bath while 
distilled water (300 mL) was added cautiously. The layers were separated and 
the aqueous phase was extracted with dichloromethane (100 mL). The 
5 combined organics were washed sequentially with 10% HC1 and saturated 
sodium bicarbonate (200 mL). The combined aqueous washes were back- 
extracted with dichloromethane (50 mL). The combined organics were dried 
(Na2S04) and concentrated to afford a dark orange oil (84.07 g). This crude 
material was used in the next step without purification. 
;0 A portion of the crude oil (24.09 g, -47.5 mmol) was taken up in ethanol 

(400 mL; the sample did not completely dissolve). To this mixture was added 
NaOH solution (19.0 g of 50 wt. % aqueous NaOH, -238 mmol) and the 
reaction was stirred under argon overnight at room temperature. After 20 h 
of stirring, the reaction showed no diester remaining by TLC. The mixture 
!5 was brought to pH-1 by adding concentrated HC1 (-20 mL) and was then 
concentrated to dryness. An attempt to partition this material between 
chloroform (200 mL) and water (100 mL) failed to dissolve all solids. 
Collection of the undissolved solid followed by drying under high vacuum 
gave clean desired (12.38 g, 27.46 mmol). Examination of the aqueous and 
JO organic phases by TLC showed a negligible amount of desired. The 
saponification procedure was repeated on the remaining crude diester (59.47 g, 
-117 mol) to deliver additional diacid (28.34 g, 62.85 mmol). The total yield for 
the alkylation-saponification process to yield the diacid product was 54%. TLC 
(chloroform-methanol, 9:1 with trace amount of acetic acid): Rf=0.45. 



15 



Step 4 - Preparation of Example 114. The diacid product from step 3 (28.34 g, 
62.85 mmol) was dissolved in 1,4-dioxane (1.2 L) and was held at reflux under 
argon overnight. Concentration gave the crude product as a yellow-white 
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solid (27.60 g) which was recrystallized from toluene to deliver the title 
compound Example 114 as a tan solid (21.81 g, 53.60 mmol) after overnight 
drying in a vacuum oven at 100 °C. The decarboxylation was repeated on the 
remaining diacid (12.38 g) from step 3 to give additional recrystallized product 
(7.60 g, 18.68 mmol).. The total yield for the decarboxylation step was 80%. The 
final product contains 5 mol% toluene even after extensive vacuum oven 
drying at 100 °C. Anal, (for C25H23O3CI . 0.05C 7 H8) C: calcd, 73.99; found, 73.75 
. H: calcd, 5.73; found, 5.74. 



10 foampte 115 

Step 1 • Purification of Dehydroabietylamine. A solution of 
dehydroabietylamine (60%, 100 g, 0.21 mol) in toluene (170 mL) was treated 
with a second solution of glacial acetic acid (24 mL) in toluene (55 mL) at room 

15 temperature. The mixture was stored at room temperature overnight. The 
crystalline salt was collected by filtration, washed with cold toluene and 
recrystallized from boiling toluene (152 mL). The crystals were collected by 
filtration, washed with n-pentane and air-dried to give dehydroabietylamine 
acetate (47 g, 78%) as a white crystalline solid. 

20 A solution of dehydroabietylamine acetate (47 g, 0.16 mol) in water (175 

mL) was gently warmed until the solution became homogeneous. An 
aqueous solution of NaOH (10% W/V, 61 mL) was carefully added and after 
cooling to room temperature. The aqueous solution was extracted with 
diethyl ether, dried over MgS0 4 , filtered and concentrated to give 

25 dehydroabietylamine (35 g, 58%) as a viscous oil which solidified on standing. 
MP 44-45 °C 

Step 2 - Preparation of Example 115. A solution of Example 114 (45 g, 0.11 mol) 
and dehydroabietylamine (32 g, 0.11 mol) in an acetone / ethanol / water 

30 mixture (50 : 20 : 1; 1260 mL) was carefully warmed until the solution became 
clear (1 h). After cooling to room temperature and standing for 42 h, the solid 
was removed by filtration. 

The solid product from the initial crystallization was diluted with a 10% 
dichloromethane / ethyl acetate mixture (700 mL) and treated with 10% 

35 phosphoric acid (300 mL). After stirring at room temperature for 1 h, the 
mixture was added to a separatory funnel and diluted with sat. aq. NaCl (200 
mL). After the aqueous phase was drained off, the precipitate that remained 
in the organic layer was removed by filtration and dried to give 9.2 g of near 
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racemic solid with an isomer ratio of 48 : 52 (Example 116 : Example 115). The 
remaining solution was filtered through a short pad of silica gel and 
concentrated to give Example 115 (13.3 g, 60% theoretical; isomer ratio 0.8 : 99.2 
(Example 116 : Example 115)). MP 125-126 °C; [alo +25.70 (c 1.4, acetone). 

5 

Example 116 

The filtrate from the initial crystallization in step 2 of the procedure for 
the preparation of Example 115 was concentrated under reduced pressure. The 
resulting solid material was processed using the same procedure as described 
10 for Example 115. The analogous sequence provided racemate (8.0 g, isomer 
ratio 57 : 43) and Example 116 (13.5 g, 60% theoretical; isomer ratio 99.1 : 0.9). 
MP 125-126 °C, [alD -25.6° (c 1.4, acetone). 



The above methods for the preparation of Example 114, Example 115, 
15 and Example 116 were used to prepare the following series of biphenyl 
containing products (TABLE VIII) using the appropriate alkylating agent in 
step 1 and the appropriately substituted biaryl starting material in step 3. 



TABLE VIH 



(T) 



ex. 


R 6 a 


(T) x 


isomer 


114 


Ph(CH2)3 


CI 


R, S 


115 


Ph(CH2)3 


CI 




116 


Ph(CH2)3 


CI 




117 


Et 


CI 


R, S 


118 


n-propyl 


CI 


R, S 


119 


allyl 


CI 


R, S 


120 


n-butyl 


a 


R, S 


121 


propargyl 


CI 


R, S 


122 


n-heptyl 


CI 


R, S 


123 


n-decyl 


a 


R, S 


124 


Ph(CH2)2 


N02 


R, S 


125 


Ph(CH2)2 


CN 


R, S 



m.p.(°C)/other characterization 



Anal. C: calcd, 73.99; found, 73.75 . H: 

calcd, 5.73; found, 5.74 

[a]D +25.70 ( c 1.4, acetone) 
IalD-25.6<> (cl.4, acetone) 

151- 152 
127-128 
133-134 

152- 153 
130-132 
118-120 
108-110 

Anal. C: calcd, 71.45; found, 71.41. H: 
calcd, 5.25; found, 5.23. N: calcd, 3.47; 
found, 3.46 
HRMS calcd. 383.1521, found 383.1531 



78 



WO 96/15096 



PCI7US95/14002 



126 s 



12?a 



1 

P-(CH 2 ^ Q 

I 

128a hQ-^ CI 
129a CI 



R, S 189-190 

R ' S 171-173 

R ' S 163.5-165 

R, S 160-161 



130 b 



Ph 



CI 



131 


PhCH2 


CI 


R,S 


132 


Ph(CH 2 )2 


CI 


R, S 


133 


Me3SiCH2 


a 


R, S 


134 


Ph(CH2)3 


Br 


R, S 


135 


Ph(CH2)3 


H 


R, S 


430 


NHAc 


CI 


R, S 



R ' s *H NMR (MeOD) d 8.03 (d, J=8.8 Hz, 
2H), 7.69 (d, J=8.5 Hz, 2H), 7.62 (d, J=8.8 
Hz, 2H), 7.43 (d, J=6.6 Hz, 2H), 7.28 (m, 
5H), 4.19 (dd, J=10.3, 4.1 Hz, 1H), 3.91 
(dd, J=14.0, 10.3 Hz, 1H), 3.27 (dd, J=14.0, 
4.1 Hz, 2H). 

167-171 

179 
134-136 
174 

HRMS calcd, 372.1725; found. 372.1735. 
141-142 

a Preparation of 2-(2-Iodophenyl)ethyl bromide: A solution of 0- 
iodophenylacetic acid (19.87 g, 75.83 mmol) in dry tctrahydrofuran (110 mL) 
was added dropwise over 41 min to a solution of borane in tetrahydrofuran 
(151 mL of 1 M solution, ca. 151.0 mmol) which was cooled with an ice- water 
5 bath. The reaction was stirred at 0 to 10 *C for 2 h 15 min. After the reaction 
mixture was cooled to 0 *C, it was quenched by cautious addition (frothing!) of 
10 (vol.) % acetic acid in methanol over 20 min. Stirring was continued for 25 
min before the reaction was concentrated on a rotary evaporator. The residue 
was dissolved in ethyl acetate and washed with saturated ammonium 
10 chloride followed by saturated sodium bicarbonate. The organics were dried 
(Na2S04) and concentrated to a yellow oil (18.07 g) which was used in the next 
step without purification. Neat 2-(2-iodophenyl)ethanol (17.75 g, 71.55 mmol) 
was treated dropwise with phosphorous tribromide (3.5 mL, 36.85 mmol) over 
6 min while the reaction vessel was placed in a water bath to modulate the 
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10 



15 



exothermic reaction. Stirring was continued for 15 min at room temperature 
and then for 2 h while the mixture was heated in an oil bath at 100 C. The 
reaction was cooled to room temperature, diluted with ether and quenched 
carefully with water (frothing/exotherm!). The layers ^"P™**^** 
organics were washed with saturated sodium bicarbonate and dried (Na 2 S0 4 ). 
Concentration gave a yellow oil which was purified by Kugelrohr distillation 
(140 °C/700 milhtorr) to give a colorless oil (19.50 g, 62.71 mmol; 83% yield for 
above two steps). MS (EI) 310, 312 [M] + . 
^Reference compound. 

The general method of the preparation of 2-(2-iodophenyl)ethyl 
bromide was used to prepare 2-(3-iodophenyl)ethyl bromide, 2-(4- 
iodophenyl)ethyl bromide, and 2-(3,5-dimethoxyphenyl)ethyl bromide. 



Example 136 



Example 136; 285 

A 125-mL Parr reaction vessel containing Example 124 (1.15 g, ^> 
mmol), 10% Pd/C (0.06 g), and glacial acetic acid (50 mL) was charged with 

20 hydrogen gas at 55 psi and shaken on a Parr apparatus until hydrogen uptake 
ceased. The Parr reaction vessel was then purged with argon and the reachon 
mixture was filtered through a pad of Celite, rinsing with acetone. The 
solution was concentrated to dryness via rotary evaporation using hexane to 
azeotrope the acetic acid. The solid was dissolved in hot 10% HC1, filtered and 

25 concentrated to dryness via rotary evaporation. The crude hydrochloride , was 
then recrystalhzed from ethanol to afford off-white crystals which when dried 
in a vacuum oven (80 «C 3 days) became purple (0.18 g, 17%). MP 222.0 - 224.0 
°C. 



tll le 136 (0.30 g) was suspended in ethyl acetate (7 mL) and treated 
with aqueous K 2 C0 3 d-93 g in 7 mL) followed by benzyl chloroformate (0.165 
mL). The mixture was stirred over the weekend. The reaction was 
partitioned between 10% HC1 and ethyl acetate/methylene chloride. The 
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organics were washed with water and brine, dried (Na2S04) and concentrated 
to a yellow solid. Flash column chromatography (gradient elution, methylene 
chloride to 98:2 methylene chloride-methanol) gave the desired as a white 
solid. MP 148M49XT. 

Using the appropriate commercially available acylating agents, the 
general method of Example 137 was used to prepare the examples in Table IX 
from Example 136. Examples 140-141 were prepared by hydrolysis of the 
product from acylation of the ethyl ester of Example 136. 



TABLE IX 




ex. 


(T) x 


isomer 


m.p.(°C)/other characterization 


136 


NH2»HC1 


R, S 


222.0-224.0 


137 


PhOCONH 


R, S 


148-149 


138 


f-BuOCONH 


R, S 


167-168 


139 


CH3CONH 


R, S 


209.5-211 


140 


h-BuCONH 


R, S 


168-169.5 


141 


/-BuCH2CONH 


R, S 


180.5-182.5 



Example 142; 

Acid Example 126 was dissolved in dimcthylsulfoxide (1.5 mL) and 
methanol (1 mL). Triethylamine (0.21 mL, 1.51 mmol) was added followed by 
palladium(II) acetate (12.8 mg, 0.057 mmol) and l,3-bis(diphenyl- 
phosphino)propane (23.0 mg, 0.056 mmol). Carbon monoxide was bubbled 
through the solution for three minutes. The orange solution was placed 
under a carbon monoxide atmosphere and was heated in an oil bath at 70-75 
°C. The reaction was worked up after 20 h 45 min of heating. The mixture 
was cooled to room temperature, diluted with ethyl acetate and washed with 
10% HC1 followed by water. The organics were dried (Na2S04) and 
concentrated to a yellow solid. This material was purified by crystallization 
from hot hexane/ethyl acetate or from hot toluene/hexane to give the title 
compound as a tan solid (109.6 mg, 0.243 mmol, 50%). MP 129°-130°C 
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Half acid ester Example 142 was dissolved in ethanol (3 ml , , 
tetrahydrofuran (3 mL) and aqueous NaOH (0.20 g in 1 mL). The nuxture stil 
contained starting material after stirring for 4.5 h. 50% aqueous NaOH (1 mL) 

5 was added and the mixture was stirred overnight. The mixture was acidified 
with 10% HC1 and extracted with ethyl acetate/ chloroform. The ^tracts were 
dried (Na 2 S0 4 ) and concentrated to a black solid which did not completely 
dissolve in fresh ethyl acetate. The suspension was filtered through celite and 
was concentrated to a yellow solid (354 mg). Purification by flash column 

10 chromatography (gradient elution, 100:1 chloroform-methanol with 1% acetic 
acid to 20:1 chloroform-methanol with 1% acetic acid) gave the desired 
product as an off-white solid (218.6 mg). MP 178M86*C (with darkening). 

The examples in Table X were prepared by the palladium-mediated 
15 carbonylation method of Example 142 with water or the appropriate amme in 
place of the methanol. Example 153 was prepared from the ethyl ester of 
Example 144 by using water in the carbonylation method of Example 142 
followed by hydrolysis according to the procedure of Example 143. ExampUs 
145 and 146 are the separate stereoisomers of the racemate from Example 144. 
20 Separation was accomplished on a Chiralpak AS column (65:35 hexanes- 
absolute ethanol with 1% acetic acid) and the stereochemistry of the 
individual isomers was assigned by analogy to the relative activity of other 
definitive isomer pairs. 



25 



TABLE X 




ex. 
"142 



143 



144 



R&a 

^3 — {cha 

(CMih 

CO,H 

EtjNOC 



isomer m.p.(°C) /other characterization 
TS T29430~ 



R, S 
R, S 



178-186 



84-86 
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145 
146 
147 

148 
149 
150 

151 
152 
153 
438 



EI,MOC 

0" (cH,h 

CONH/vBu 
£}-<CH* 

HO|C 

CON0, 



o-BuHNOC 
EtsNOC 



/►BuHMOC 



MOjC 



<CMjh 



-o 

0\T 



Example 154; 



R,S 
R, S 
R, S 
R, S 

R, S 
R,S 
R, S 
R, S 



123.5-124.5 
124-124.5 
164-165 
239-240 
85.5-88.5 
67-69.5 

123-124 
195.5-196.5 
246-248 
209-210 




Step 1 The general methods which gave the product in Example 65, step 1 
5 were utili2ed with diethyl phenethylmalonate as starting material to give the 
desired product as a white solid which recrystallized from ether. MP 148.5'- 
149.5*C. 




Example 154 



83 



WO 96/15096 



PCTAJS95/14002 



Step 2 - Preparation of Example 154 

The product from step 1 was reacted according to the general procedure 
of Example 73 to afford Example 154 as yellow crystals, MP 177.5Vt78'C 




Example 155 

Example 155 

The methyl ether of Example 154 was cleaved according to the general 
procedure of Example 83 to give Example 155 as a white solid. MP 165.5'- 
10 166'C. 



Reaction of Example 155 with the appropriate alkylating agent according 
to the general procedure of Example 84 gave Examples 156-159 (TABLE XI). 
Reaction of the ethyl ester of Example 155 with the appropriate alkylating 
15 agent according to the general procedure of Example 84 delivered Examples 
160 and 161. 



TABLE XI 



example 




R4 



isomer m.p.( e C)/other characterization 



156 

157 
158 
159 
160 
161 



Et 

n -propyl 

n-pentyl 

n-hexyl 

n-butyl 

PhCH2 



R, S 
R, S 
R, S 
R, S 
R,S 
R, S 



160.5-161 
147.5-148.5 

140.5-141 
135.5-137.5 
149.5-151.5 
156-157 



20 Example 162; 



AcO 
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10 



Step 1 A one-necked, 1000-mL, round-bottomed flask equipped with an argon 
inlet adapter was charged with 500 mL CH2CI2, 4-phenylphenol acetate (50.0 g, 
235 mmol), bromoacetyl bromide (73.2 g, 31.6 mL, 363 mmol) and cooled to 0 
°C while aluminum trichloride (94.2 g, 707 mmol) was added in small 
portions ca. over 5 min. The resulting mixture was stirred for 30 min at 0 °C 
and 12 h at room temperature. The reaction mixture was added to a cold 10% 
HC1 solution (500 mL), and extracted three times with 200-mL portions of 
ethyl acetate. The organic phase was dried over MgS04, filtered, and 
concentrated to provide a black solid. Recrystallization from ethyl acetate- 
hexanes afforded 44.3 g (56%) of the desired compound as a brown solid. TLC 
(10% ethyl acetate-hexanes) Rf= 0.14. 




Step 2 The desired compound was synthesized from the product of step 1 
15 above by a method analogous to procedures contained in Example 114 except 
that 2-(3-iodophenyl)ethyl bromide was used in lieu of l-bromo-3- 
phenylpropane. TLC (hexanes - ethyl acetate, 3:1) Rf = 0.49. 




20 Step 3 A tetrahydrofuran (400 mL) and ethanol (50 mL) solution of the 
product from step 2 (18.4 g) was treated with K2CO3 and stirred under argon at 
room temperature overnight. Because a significant amount of starting 
material remained, the volume of the reaction was reduced by one half and 
additional K2CO3 (12 g) was added. The reaction was complete after 3 h. The 

25 reaction was concentrated and acidified with 10% HCl. The product was 
extracted with ethyl acetate, dried (Na2S04> and concentrated to a brown oily 
residue. Purification by flash chromatography (hexanes - ethyl acetate, 3:1) 
gave the product as a yellow oil (14.8 g; 86%). TLC (hexanes - ethyl acetate, 3:1) 
Rf = 0.20. 

30 
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Example 162 

Step 4 - Preparation of Example 162. Reaction of the product from step 3 with 
pentyl iodide according to the general procedure of Example 84 gave Example 
5 162. MP 156M57'C 




Example 163 

Ficample 163: 

10 Alkylation of the product from Example 162, step 3 with benzyl bromide 

according to the general procedure of Example 84 gave Example 163. MP 173*- 

174*C. 



\/\/\ 



r=\ /=\ O O, 




15 Example 164 

Fxample 164: 

Example 164 was prepared from Example 162 by the palladium- 
mediated carbonylation method of Example 142 with diethylamine as the 
nudeophile. Anal, (for C 34 H4lN0 5 « 0.75 H 2 0) C: calcd, 73.29; found, 73.35. 
20 H: calcd, 7.69; found, 7.43. N: calcd, 2.51; found, 2.33. 
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Example 165 



Example MS; 

Example 165 was prepared from Example 163 by the palladium- 
mediated carbonylation method of Example 142 with diethylamine as the 
nudeophile. MP 92*-95*C. 

Example 166; 



Step 1 The above a,b-unsaturated lactam was prepared from commercially 
available L-pyroglutaminol in a two step procedure analogous to literature 
precedent (see: /. Am. Chem. Soc. 1989, MI, 1525-1527). TLC (hexanes-ethyl 
acetate, 3:2): Rf 0.29. 



Step 2 A dry, 500 mL, three-necked, round-bottomed flask was fitted with a 
magnetic stirring bar, a three-way stopcock, a low temperature thermometer 
and a teflon stopper. The flask was flushed with argon and charged with 
tetravinyl tin (5.9 mL, 32. 3 mmol) and 50 mL of freshly distilled ether. The 
cooled (0*C) solution was treated with methyl lithium (86.9 mL of a 1.43 M 
solution in diethyl ether; 124.3 mmol) over 20 min. The mixture was stirred 
at 0*C for 30 min, cooled to -78*C and treated with CuCN (4.45 g, 49.7 mmol) 
in one portion. The reaction was allowed to warm to -30*C over 1 h and 35 
min and was stirred at -30*C for an additional 40 min. The stopper was 
replaced with a dry addition funnel charged with a solution of the enone from 
step 1 (5.0 g, 24.85 mmol) in ether (150 mL). The enone was added to the 
reaction mixture over 30 min while maintaining an internal temperature of 
-30 'C. The reaction was complete after 40 min as judged by tic Saturated 
ammonium chloride (350 mL) was added and the stirred mixture was warmed 
to -10'C. The gray solid which formed was removed by filtration through 
celite on a medium fritted funnel. The filter cake was washed with fresh 
ether. The filtrate layers were separated and the aqueous phase was extracted 
with fresh ether (2 x 100 mL). The combined extracts were dried (MgS04) and 
concentrated to a yellow oil which was purified by flash column 
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10 



15 



20 



25 



chromatography (hexanes-ethyl acetate, 3:1) to give the product as a yellow oil 
(4.6 g, 81%). TLC (hexanes-ethyl acetate, 3:1): Rf 0.34. 

Qj 

Step 3 A solution of the product of step 2 (8.20 g, 35.8 mmol) in dry 
tetrahydrofuran (100 mL) was added to a solution of lithium aluminum 
hydride (2.04 g, 53.6 mmol) in dry tetrahydrofuran (100 mL) at reflux. Reflux 
was continued for 1 h 15 min. The reaction mixture was cooled and treated 
dropwise with a solution of saturated Na 2 S0 4 until a thick precipitate formed. 
Ethyl acetate (100 mL) was added and the mixture was stirred briefly before 
filtering through celite; the filter cake was washed with ethyl acetate. The 
combined filtrates were dried (Na 2 S0 4 ) and concentrated. The dark yellow oil 
(6.67 g/ 86%) used in the next step without further purification. TLC (hexanes- 
ethyl acetate, 3:1): Rf 0.21. 



ft 



J 



-OTBS 



Step 4 A dry, 250-mL, round-bottomed flask was charged with dry 
dichloromethane (60 mL), tert-butyldimethylsilylchloride (4.9 g, 32.03 mmol) 
and imidazole (4.54 g, 66.73 mmol). This mixture was stirred for 10 min before 
it was treated with a solution of the product from step 3 (5.8 g, 26.69 mmol) in 
dry dichloromethane (50 mL). The reaction was stirred under argon for 1 h. 
The mixture was concentrated and the residue was purified by flash column 
chromatography (hexanes-ethyl acetate, 9:1) to give the desired as a yellow oil 
(9.19 g, 100%). TLC (hexanes-ethyl acetate, 9:1). 

Step 5 A tetrahydrofuran (190 mL) solution of benzyl chloroformate (13.34 
mL, 93.42 mmol) and the product from step 4 (8.85 g, 26.69 mmol) was held at 
reflux for several hours. The mixture was cooled to room temperature, 
30 diluted with diethyl ether (250 mL) and washed successively with 10% HQ (2 x 
150 mL) and saturated NaHC0 3 (150 mL). The aqueous layers were back- 
extracted with ether and the combined organics were dried (Na 2 S0 4 ) and 
concentrated. Purification by flash column chromatography (gradient elution, 
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99:1 to 95:5 hexanes-ethyl acetate) gave clean desired (7.62 g, 76%). TLC 
(hexanes-ethyl acetate, 9:1): Rf 0.40. 



t 



-OTBS 

Step 6 A solution of the product of step 5 (1.225 g, 3.26 mmol) in 5% 
methanol-CH2Cl2 (20 mL) was cooled to -78*C and purged with argon. Ozone 
was bubbled through the mixture until a blue color persisted. The mixture 
was purged with argon and treated with dimethyl sulfide (1.2 mL, 16.3 mmol). 
10 The mixture was stirred with warming to room temperature over 2 h, 
concentrated to dryness and left under high vacuum overnight. The crude 
product was purified by flash column chromatography (gradient elution, 9:1 to 
7:3 hexanes-ethyl acetate) to give the desired as a colorless oil (890 mg, 73%). 
TLC (hexanes-ethyl acetate, 9:1): Rf 0.11. 

15 




C8Z 

TBSCt' i[ 



CI 



Step 7 A dry, 250 mL, round-bottomed flask was charged with 4-bromo-4- 
chlorobiphenyl (4.17 g, 15.58 mmol) in dry tetrahydrofuran (50 mL) under 
argon. The solution was cooled to -78*C and treated dropwise with n-butyl 

20 lithium (5.65 mL of a 2.64 M solution in hexanes, 14.92 mmol). The mixture 
was stirred at -78'C for 1 h 45 min. A solution of the product ot step 6 (4.9 g, 
12.98 mmol) in dry tetrahydrofuran (20 mL) was added via cannula. The 
reaction was warmed to -20*C with stirring over 2 h 10 min, and stirring was 
continued at -20 'C for an additional 50 min. The reaction was quenched with 

25 saturated ammonium chloride (150 mL) and transferred to a separatory 
funnel. The mixture was extracted with dichloromethane (3 x 80 mL) and the 
combined extracts were dried (MgSC»4) and concentrated to a yellow oil. Flash 
column chromatography (gradient elution, 9:1 to 3:2 hexanes-ethyl acetate) 
gave the desired as a mixture of diastereomers (5.21 g, 71%). TLC (hexanes- 

30 ethyl acetate, 3:1). 
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CBt 




Step 8 A solution of the Product from step 7 (3.25 g, 5.74 mmol) in dry 
tetrahydrofuran (60 mL) and acetic acid (0.85 mL) was treated with 
tetrabutylammonium fluoride (14.35 mL of a 1.0 M solution in 
tetrahydrofuran) and stirred overnight. The mixture was diluted with 
dichloromethane (120 mL) and washed with water (75 mL). The organics were 
dried (Na 2 S0 4 ) and concentrated to a yellow oil. Flash column 
chromatography (gradient elution, 3:2 hexanes-ethyl acetate to 100% ethyl 
acetate) gave clean diol (2.00 g, 77%). TLC (hexanes-ethyl acetate, 1:3). 




10 



Ph^O^O 

Example 166 

Step 9 - Preparation of Example 166. A solution of the diol from step 8 (1.50 g, 
3.32 mmol) in acetone (40 mL) was cooled to -40'C and was treated dropwise 

15 with Cr0 3 /AcOH (24 mL of a 0.083 g Cr0 3 /mL AcOH solution) over 40 mm. 
The dark brown mixture was stirred for 4 h before it was diluted with water 
(300 mL) and extracted with chloroform (3 x 100 mL). The combined orgarucs 
were dried (Na 2 S0 4 ) and concentrated to a green residue which was 
concentrated from hexanes to remove residual acetic acid. Flash column 

20 chromatography (chloroform-methanol, 95:5) gave the keto acid as a gray solid 
(1.1 g, 73%). Anal, (for C 2 6H22ClN0 5 ) C: calcd. 67.32; found, 67.10. H: calcd, 
4.78; found, 4.97. N: calcd, 3.02; found, 3.11. 




Ph' 

25 Example 167 

Example 167 

This material was prepared by a procedure analogous to that tor 
Example 166 from commercially available D-pyroglutaminol. Example 167 
was spectroscopically identical to Example 166. 
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r COOH 
HBr 

Step 1 Example 166 (1.2 g, 2.59 mmol) was dissolved in glacial acetic acid (30 
5 mL) and 30% HBr in glacial acetic acid (3.5 mL). The solution was stirred 
overnight. The reaction mixture was diluted with ether (250 mL) and the 
resultant suspension was stirred for 30 min to break up large chunks of solid. 
The mixture was filtered and the collected solid was suspended in fresh ether 
and stirred for 1 h. The solid was collected by filtration and dried under 
10 vacuum overnight. The crude product (790 mg, 75%) was used in the next 
step without further purification. TLC (ethyl acetate-formic acid-water, 8:1:1): 
Rf0.63. 

Step 2 - Preparation of Example 168. The product of step 1 (100.0 mg, 0.25 
15 mmol) was dissolved in dry tetrahydrofuran (3.2 mL). Triethylamine (73 mL) 
was added and the resultant suspension was cooled with an ice bath at 0 # C 
Benzyl isocyanate (34 mL) was added, the ice bath was removed and the 
mixture was warmed to room temperature with stirring over 3 h. The 
mixture was diluted with tetrahydrofuran, filtered and concentrated. Flash 
20 column chromatography ( chloroform with 2% acetic acid) gave the desired as 
a colorless solid (43.8 mg, 38%). MP 132.0 - 134.0 °C 



Using the appropriate acylating agent in the general method of Example 
168 produced the examples in TABLE XII. 

TABLE XII 




example r4 m.p.(°C)/other characterization 

"168 : PhCH 2 QCO 132.0-134.0 

169 PhCH2CH2CO 75-78 

170 PhCH2CO 77-79 
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171 

172 j-BuOCO 

17 3 PhNHCO 

^ aFr 1P 174: 



10 



15 



t-BuCH2CO 182-185 

160-163 



231-232 



20 




Step 1 Example 29 (10 gm. 34.9 mmol) was suspended in dry 
(loTmU under argon and c»oled » .C Firs. 

ene (5.2 mL, 34.9 mmol) was added by syringe Mowed by methyl .od.de OS 
mL. 104.6 mmol). The reaction mixture was warmed to room 
with overnight stirring. The reaction mixture was filtered and the filter cake 
Wat LheS with etner. The filtrate was concantra led the ^estdue w» 
dissolved in dichloromethane and washed with 10% HC B.»* ^ 
organics were dried (Na 2 S0 4 ) and concentrated to a yellow sohd (9.08 g, 87%) 
TLC (chloroform-methanol, 97.5:2.5): Rf 0.90. 




o 



Stan 2 N-Benzyl-N-(cyanome.h y l)-N-I(trimethylsilyl)me.hyl)amtne (4.06 gm. 
£mmo) anTthe p/oduc, from step 1 (5.0 g. .6.6 mmol, were suspended ,n 
acetonitrile (40 mL, under argon and enough dicHoromemane was added o 
dissolve all the solids. The flask was wrapped in alummum tal and AgF (2.32 
g. ,8. 3 mmol) was added. The mixture was stirred in the dark overmgh t The 
black mixture was Altered through celite and the filtrates were concentrated to 
" oily residue. Bash chromatography (gradient ^ 
acetate, 9:1 to 75:25) gave the desired as a yellow ofl (3.87 g. 54%). T 
(chloroform-methanol, 97.5:2.5): Rf 0.48. 




25 
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Step 3 Benzyl chloroformate (1.77 g, 10. 4 mmol) was added to a 
tetrahydrofuran (20 mL) solution of the product from step 2 (1.5 g, 3.46 mmol). 
The solution was heated at reflux overnight. Methanol was added (3 mL), the 
mixture was stirred for 10 min and then concentrated to a yellow oil. Flash 
5 chromatography (hexanes-ethyl acetate 3:1) gave a pale yellow foam (1.07 g, 
65%). TLC (hexanes-ethyl acetate, 3:1): Rf 0.27. 

O 

Example 174 

10 Step 4 - Preparation of Example 174. A solution of the methyl ester from step 3 
(201 mg, 0.42 mmol) in 1:1 tetrahydrofuran-ethanol (10 mL) was treated with 
IN NaOH (2.1 mL) and the mixture was stirred at room temperature 
overnight. The reaction was concentrated to dryness and the residue was 
partitioned between 10% HC1 and ethyl acetate. The organics were separated, 

15 dried (Na2S04) and concentrated to a semi-crystalline residue. Flash 
chromatography (hexanes-ethyl acetate, 1:1 with 1% acetic acid) gave the 
desired as an off-white solid (62.2 mg). MP 157 - 158 °C 

o 

20 Example 175 

Example 175; 

Material from step 2 of Example 174 (202 mg, 0.47 mmol) was 
hydrolyzed according to the general method of step 4 of Example 174 to give 
the title compound as a colorless solid. Anal, (for C25H22NCIO3) C: calcd, 
25 71.51; found, 71.42. H: calcd, 5.28; found, 5.30. N: calcd, 3.34; found, 3.33. 

Example 176 and Example 177; 

Step 1 - Mixture of Examples 176 and 177. Dicydopentadiene was cracked by 
30 distillation (oil bath at 190 # C) through a Vigreux column to give 
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cyclopentadiene coUected at 40'C Cydopentadiene (1.25 mL, 15.13 mmol) was 
added to a suspension of dienophile Example 29 (3.30 g) in a mixture of 
dichloromethane (15 mL) and tetrahydrofuran (15 mL). The mixture was 
stirred under argon at room temperature for 2.5 h and was then concentrated 
5 to a white solid. TLC (cWoroform-methanol, 100:1 with acetic acid): Rf 0.47. 



10 



20 




o 

Example 177 

Step 2 - Preparation of Example 177. The product mixture of step 1 (2.29 g, 6.49 
mmol) was dissolved in tetrahydrofuran (50 mL) and treated with aqueous 
NaHC0 3 (50 mL). A mixture of iodine (3.11 g, 12.25 mmol) and KI (2.17 g, 
13.07 mmol) in water-tetrahydrofuran (2:1, 50 mL) was added rapidly over 3 
min and the brown mixture was stirred under argon overnight. The reaction 
was quenched with saturated aqueous NaHS0 3 and extracted with ethyl 
15 acetate. The combined organics were dried and concentrated to a yellow foam. 
Purification by flash column (gradient elution, ethyl acetate-hexanes, 6:1 with 
0.5% AcOH to 3:1 with 0.5% AcOH) gave a semi-pure sample of exo-aad (0.49 
g) and the iodolactone (0.88 g). The exo acid was rechromatographed (gradient 
elution, 100:1 chloroform-ethanol to 100:1 chloroform-ethanol w.th 0.5% 
acetic acid to 100:1:1 chloroform-ethanol-methanol with 0.5<7< acetic and) to 
give pure Example 177 (426.4 mg). Anal, (for C 2 lHi 7 C10 3 > C calcd. 71.49; 
found, 71.20. H: calcd, 4.86; found, 4.72. 




COOH 

25 Example 176 



Step 3 - Preparation of Example 176. The iodolactone from step 2 (0.93 g, 1.94 
mmol) was dissolved in tetrahydrofuran (20 mL) and glacial acetic acid (15 
mL). The solution was treated with zinc dust (1.27 g, 19.43 mmol) in one 
portion and stirred under argon for 2.5 h. The mixture was dUuted with ethyl 
30 acetate and filtered through a celite plug. The nitrate was washed with 10% 
HC1 the organics were dried (Na 2 S0 4 ) and concentrated to a yellow solid. 
Trituration with, a mixture of ether and ethyl acetate gave a tan powder (425 
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mg, 62%). Anal, (for C21H17CIO3.O.25H2O) C: calcd, 70.59; found, 70.68. H: 
calcd, 4.94; found, 4.94. 



Example *78: 

Step 1 4-Bromobiphenyl (11.6 g, 50 mmol) was dissolved m 1,2- 
dichloroethane (25 mL) and added to a suspension of succinic anhydride (5.0 g, 
50 mmol) in 1, 2-dichloroethane (70 mL) and the mixture was cooled to 0 °C 
Solid aluminum chloride (14.0 g, 105 mmol) was added in six portions 
10 resulting in a dark green solution. After 10 min, the reaction was allowed to 
warm to rt and stirred a further 72 h under Ar. The reaction mixture was 
poured into a beaker containing 200 mL crushed ice/ water. Hexane (200 mL) 
was added and the mixture stirred for 1 h. The pale orange solid was filtered 
off to give 16.8 g (100%) of crude acid. A portion of the acid (7.0 g) was then 
15 suspended in methanol (25 mL)/toluene (25 mL) and cone. H2SO4 (2.5 mL) 
was added dropwise. The mixture stirred 14 h at rt then was heated to 75 °C 
for 3 h. The solvent was removed in vacuo and the residue dissolved in 
CH2CI2 and slowly poured into a mixture of saturated aqueous sodium 
bicarbonate/ ice. The ester was extracted with methylene chloride and dried 
over MgS04. Filtration and removal of the solvent in vacuo gave 6.44 g (88%) 
of pale yellow powder. *H NMR (300 MHz, CDCI3) d 2.81 (t, / = 6.6 Hz, 2 H), 
3.36 (t, / = 6.6 Hz, 2 H), 3.73 (s, 3 H), 7.49 (m, 2 H), 7.59 (m, 4 H), 8.07 (dd. / = 1.8. 
6.6 Hz, 2 H). 



Br 




OMe 



30 



Step 2 A solution of l,2-bis(trimethylsiloxy)ethane (4.8 mL, 20 mmol) in 
CH2CI2 (1 mL) was cooled to -70 6 C. Catalytic trimethylsilyl 
trifluoromethanesulfonate (10 uL, 0.05 mmol) and then methyl ester product 
from step 1 (1.70 g, 5 mmol) dissolved in CH 2 C1 2 (4 mL) were added resulting 
in a thick slurry. The ice bath was allowed to warm to rt (over 3 h) and the 
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reaction stirred a further 24 h before water was added. The product was 
extracted with CH2CI2 and the organic layers were dried over sodium sulfate. 
After filtration, the solvent was removed in vacuo and the residue purified by 
MFLC (15% ethyl acetate/ 85% hexanes) to give 1.71 g (85%) ester as a colorless 
powder. lH NMR (300 MHz, CDCI3) d 2.28 (m, 2 H), 2.46 (m, 2 H), 3.65 (s, 3 H), 
3.81 (m, 2 H), 4.04 (m, 2 H), 7.45 (dd, / = 2.2, 6.6 Hz, 2 H), 7.51 (m, 4 H), 7.57 (dd, / 
= 2.2, 6.6 Hz, 2 H). 




Step 3 The ketal from step 2 (4.61 g, 12 mmol) was dissolved in THF (45 mL) 
and H2O (15 mL) at rt. NaOH (480 mg, 12 mmol) was added and the reaction 
stirred at rt for 19 h. Ester was still present by TLC so another portion of NaOH 
(210 mg) was added. After a further 2 h the reaction was acidified to pH 3 with 
4 M HC1 at 0 °C and the product was extracted with ethyl acetate. Removal of 
solvent in vacuo gave 4.63 g of a colorless solid that was taken on to the next 
15 step crude. A portion of the acid (2.50 g, 6.6 mmol) was dissolved in CH2CI2 
(37 mL). (S)-(-)-4-Benzyl-2-oxazolidinone (1.44 g, 11. 1 mmol), l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.56 g, 8.1 mmol), 
and dimethylaminopyridine (181 mg, 1.5 mmol) respectively were added at rt. 
A few minutes after the addition of the DMAP, all solid goes into solution. 
20 The reaction stirred for 3 d at rt and was then poured into saturated aqueous 
NH4CI. The product was extracted with CH 2 Cl2 and dried over sodium 
sulfate. After removal of the solvent in vacuo, the residue was purified by 
MPLC (2% CH30H/98% CH 2 C1 2 ) to give 2.64 g (74%) of the above shown 
benzyloxazolidinone as a colorless solid. *H NMR (300 MHz, CDCI3) d 2.38 
25 (m, 2 H), 2.72 (dd, / = 9.6, 13.2 Hz, 1 H), 3.13 (m, 2 H), 3.29 (dd, / = 3.3, 13.6 Hz, 1 
H), 3.82 (m, 2 H), 4.08 (m, 2 H), 4.17 (m, 2 H), 4.52 (m, 1 H), 7.19-7.33 (comp m, 5 
H), 7.45 (m, 2 H), 7.56 (m, 6 H). 
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Step 4 A solution of pyridine (0.90 mL, 11 mmol) in CH2CI2 (33 mL) was 
cooled to -70 °C. Triflic anhydride (1.68 mL, 10 mmol) was added over 6 min 
5 resulting in a yellowish, slushy solution. After 5 min, 3-phenyl-l-propanol 
(1.40 mL, 10 mmol) was added over 4 min. The reaction stirred for 30 min at 
-70 °C and was then warmed to -20 °C for 75 min. The cold solution was 
poured through a fritted funnel containing silica gel. The silica was washed 
with CH2CI2 and the solvent was removed in vacuo to give the above triflate 
as a pale orange liquid which was kept under vacuum until it was used in the 
next reaction (approximately 1 h). 




Step 5 Benzyloxazolidinone from step 3 (1.0 g, 19 mmol) was dissolved in 
THF (5 mL) and cooled to -70 °C. Sodium bis(trimethylsilyl)amide (1 M in 
THF, 2.0 mL, 2 mmol) was added to the oxazolidinone over 5 min and the 
reaction stirred a further 30 min. A solution of phenylpropyl triflate from step 
4 (2.7 g, 10 mmol) in THF (5 mL) and diisopropylethylamine (1.8 mL, 10 
mmol) was added to the sodium anion and the reaction stirred for 2 h at -70 
°C. The reaction was quenched at -70 °C with saturated aqueous NH4CI (100 
mL) and then the flask was warmed to rt. The solvent was removed in vacuo 
and the residue was dissolved in ethyl acetate and washed with saturated 
aqueous NH4CI. The aqueous layer was extracted with ethyl acetate and dried 
over sodium sulfate. After filtration, the solvent was removed in vacuo and 
the residue purified by MPLC (20% ethyl acetate/80 % hexane to 30% ethyl 
acetate/70 % hexane) to afford 66 mg of recovered starting oxazolidinone, 34 
mg of the (R)-diastereomer product and 630 mg of the (S)-diastereomer 
product as shown above. "C NMR (75 MHz, CDCI3) d 28.6, 33.6, 35.8, 38.3, 
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423, 55.6, 64.3, 64.8, 65.9, 109.6, 119.7, 121.8, 125.8, 126.5, 126.7, 127.3, 128.3, 128.5, 
128.7, 129.0, 129.5, 132.0, 135.4, 139.7, 141.6, 142.1, 153.3, 177.1. 




5 Step 6 The product of step 5 (350 mg, 0.53 mmol) was dissolved in THF (3.75 
mL) and H2O (1.25 mL) and cooled to 0 °C. Hydrogen peroxide (30%, 485 mL, 
4.2 mmol) then lithium hydroxide monohydrate (90 mg, 2.1 mmol) were 
added. After 30 min the ice bath was removed and the reaction stirred 6 h at 
rt. Aqueous sodium bisulfite (10%) was added and the mixture stirred 

10 overnight. The aqueous layer was extracted with CH2CI2 and the organic 
solution was dried over sodium sulfate. After filtration the residue was 
purified by MPLC (20% ethyl acetate/ 80% hexanes) to give 31 mg of pure acid 
as shown above and 103 mg of a mixture of starting benzyl oxazolidinone and 
the product. The mixed fractions were dissolved in 30% ethyl acetate/ 70% 

15 hexanes; crystals formed that were 70% oxazolidinone by HPLC while the 
mother liquor was pure acid product. ™C NMR (75 MHz, CDCI3) d 28.9, 32.7, 
35.6, 40.3, 42.8, 64.7, 64.8, 109.4, 125.8, 126.2, 126.8, 128.3, 128.3, 128.4, 128.4, 128.8, 
132.0, 139.8, 142.0, 142.1, 181.4. 



20 




Example 178 

Step 7 - Preparation of Example 178. The above ketal from step 6 (38 mg, 0.08 
mmol) was dissolved in CH 2 C1 2 (475 mL) and cooled to 0 °C. A drop of cone 
HCIO4 (9.4 mL) was added and the reaction stirred for 3.5.h at 0 C. Saturated 
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sodium bicarbonate was added and the product was extracted with methylene 
chloride. The combined organic portions were dried over sodium sulfate. 
Removal of solvent in vacuo gave material (29 m g/ 84%) that was pure by 
analytical HPLC analysis. UId -22.1° (c 1.2, CHCI3). 




Example 179; 



R = Me or Et 

Step 1: R = Me Diethylmalonate (2.46 mL, 16.2 mmol) was added dropwise 

10 over 20 min to a suspension of sodium hydride (0.43 g, 17.8 mmol) in THF (24 
mL) at 0°C. The solution was allowed to stir for 20 min then 4(4'- 
chlorophenyl)-a-bromoacetophenone (5.0 g, 16.2 mmol) in THF (24 mL) was 
added over 20 min. The reaction was warmed to rt and stirred a further 12 h 
then poured into EtOAc (250 mL) and water (250 mL). The phases were 

15 separated and the aqueous phase was extracted with EtOAc (2 x 100 mL). The 
combined organic phases were washed with 1 M phosphoric acid (2 x 200 mL), 
saturated sodium bicarbonate (2 x 200 mL), and brine (100 mL) then dried 
(MgS0 4 ), filtered, and concentrated in vacuo. The resulting oil was purified 
by flash chromatography on silica gel using a gradient of ethyl acetate/ hexane 

20 (10% to 50% ethyl acetate) as the eluent to afford a crystalline solid which was 
recrystallized using hexane and ethyl acetate to afford ethyl 2-carboethoxy-4(4- 
(4"-chlorophenyl)phenyl]-4-oxobutanoate (1.24 g, 20%). *H NMR (CDCI3) d 
8 06 (d, 1=8.1 Hz, 2H), 7.66 (d, 1=8.5 Hz, 2H), 7.56 (d. 1=8.5 Hz. 211). 7.45 (d. J=8.1 
Hz, 2H), 4.26 (q, J=7.4 Hz, 4H», 4.09 (t, J=7.0 Hz, 1H). 3.66 (d. 1=7.0 Hz, 2H). 1 31 

25 (t, J=7.0 Hz, 6H, CH3). 

Step 1(A): R = Me Dimethyl malonate (5.7 mL, 50.0 mmol) was added in one 
portion to a solution of sodium methoxide (6.6 g, 50.0 mmol) in DME (45 mL) 
at rt and stirred for 15 min. In a separate reaction vessel, 4(4 , -chlorophenyl)-a- 

30 bromoacetophenone (14.0 g, 45.0 mmol) was dissolved in DME (136 mL) along 
with sodium iodide (6.7 g, 45.0 mmol). The Nal solution was allowed to stir 
for 15 min at rt. The sodium dimethylmalonate solution was transferred via 
cannula dropwise into the 4(4 , -chlorophenyl)-a-bromoacetophenone solution; 
stirring continued 1 hr at rt. The solvent was removed in vacuo and the 

35 resulting oil dissolved in 1:1 methylene chloride:diethyl ether (700 mL). The 
organic phase was washed with water (250 mL), and saturated sodium chloride 
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solution (250 mL). The organic layer was dried (MgS04), filtered, and 
concentrated in vacuo. The resulting oil was recrystallized using 4:1 
chloroformrmethanol with hexane to precipitate the methyl 2-carbomethoxy- 
4[4'-(4 M -chloro phenyl)phenyl]-4-oxobutanoate (10.43 g, 64%). *H NMR 
5 (DMSO) d 8.06 (d, J=8.1 Hz, 2H), 7.66 (d, J=8.5 Hz, 2H), 7.56 (d, J=8.5 Hz, 2H), 7.45 
(d, J=8.1 Hz, 2H), 3.95 (t, J=7.0 Hz, 1H), 3.70 (s, J=7.0 Hz, 6H), 3.66 (s, 2H). 




Step 2 (A) - Preparation of 4-phenyl-l-iodobutane. Sodium iodide (8.9 g, 59.2 
mol) and 4-phenyl-l-chlorobutane (5.0 g, 29.6 mol) were added to acetone (29.6 
mL) at rt. The mixture was heated to 70 °C for 12 h. The resulting solution 
was gravity filtered to remove salts. The solvent was removed under reduced 
pressure and excess salts were dissolved in water (100 mL). Hexane (100 mL) 
was added to the aqueous mixture. The phases were separated and the organic 
phase was washed with saturated sodium bisulfite solution (3 x 50 mL), treated 
with decolorizing carbon, and gravity filtered. The organic layer was then 
dried (MgS04), filtered, and concentrated in vacuo to afford 4-phenyl-l- 
iodobutane (6.94 g, 90%). 

The general method of the preparation of 4-phenyl-l-iodobutane was 
used to prepare 5-phenyl-l-iodopentane, 6-phenyM-iodohexane, and 4- 
(iodomethyl)biphenyl using commercially available 5-phenyl-l- 
chloropentane, 6-phenyl-l-chlorohexane, and 4-(chloromethyDbiphenyl. 




Step 2 (B) - Preparation of 3-<p-methylphenyl)-l-iodopropane. Potassium 
iodide (0.90 g, 5.4 mmol) and 3-(p-methylphenyl)propan-l-ol (0.4 g, 2.7 mmol) 
was added to 85% phosphoric acid (5.4 mL) at rt. The solution was heated to 
120 °C for 3 h, during which time an oil separated from the acid layer. The 
mixture was cooled to rt and poured into 150 mL of water and 150 mL of 
diethyl ether. The organic layer was separated, decolorized with saturated 
sodium bisulfite solution (100 mL), and washed with saturated sodium 
chloride solution (100 mL). The organic layer was then dried (MgS04), 
filtered, and concentrated in vacuo to afford 3-(4-methylphenylM- 
iodopropane (0.48 g, 68%). 
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The general method of the preparation of 3-(4-methylphenyl)-l- 
iodopropane was used to prepare 3-<4-chlorophenyl)-l-iodopropane using 3-(4- 
chlorophenyl) propan-l-ol, 3-(4-hydroxyphenyl)-l-iodopropane, 4- 
hydroxyphenethyl iodide, and 3-hydroxyphenethyl iodide using commercially 
available M4-hydroxyphenylH-propanol, 4-hydroxyphenethyl alcohol, and 3- 
hydroxyphenethyl alcohol respectively. 



30 



35 




OMs 



Step 2 (C) - Preparation of 3-(p-methoxyphenylM-iodopropane. Anhydrous 
10 potassium carbonate (4.14 g, 30.0 mmol), iodomethane (3.74 mL, 60.0 mmol), 
and 3-(4-hydroxyphenyl)-l-iodopropane (1.58 g, 6.0 mmol) were added to 
acetone (25 mL) at rt. The mixture was heated to 70 °C for 8 h. The resulting 
solution was gravity filtered to remove salts and the filtrate was concentrated 
in vacuo to afford 3-(4-methoxyphenyl)-l-iodopropane (1.22 g, 73%). 

The general method of the preparation of 3-<4-methoxyphenyl)-l- 
iodopropane was used to prepare 4-methoxyphenethyl iodide, and 3- 
methoxyphenethyl iodide from 4-hydroxyphenethyl iodide and 3- 
hydroxyphenethyl iodide. 



Br' — rn 

Step 2 (D) - Preparation of l-phenyl-3-bromo-l-propyne. Phosphorous 
tribromide (2.62 mL, 27.6 mmol) was added to a solution of 3-phenyl-2- 
propyn-l-ol (10.0 g, 76 mmol) and pyridine (0.14 mL, 1.77 mmol) in diethyl 
ether (22 mL) at a rate to maintain reflux. After addition, the mixture was 
heated at 40 °C for 2 h. The mixture was cooled and poured onto ice. The 
organic layer was separated and diluted with diethyl ether (100 mL), washed 
with saturated sodium bicarbonate (2 x 50 mL) and saturated sodium cWonde 
(50 mL). The organic layer was dried (MgS0 4 ), filtered and concentrated ,n 
vacuo to afford l-phenyl-3-bromo-l-propyne (13.4 g, 90%). 




Step 2 (E) - Preparation of 2-(benzyloxy)bromoethane. A solution of triphenyi 
phosphine (2.1 g, 7.9 mmol) in dry methylene chloride (16 mL] .was added 
dropwise over 10 min to a stirred mixture of N-bromosucccinimide (1.4 g, 7.9 
mmol) in dry methylene chloride (23 mL) at -78 <>C The reaction was kept in 
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the dark and stirring was continued until all the N-bromosucccinimide had 
dissolved (10 min). A solution of 2-(benzyloxy)ethanol in dry methylene 
chloride (10 mL) was added dropwise. The cooling bath was removed and 
stirring was continued for 12 h at rt. The organic layer was then concentrated 
5 in vacuo and passed through a silica plug with 1:1 hexanermethylene chloride 
to afford 2-(benzyloxy)bromoethane (1.20 g, 85%). 




R = Me or Et 

10 Step 3 Ethyl 2-carboethoxy-4[4'-(4"-chlorophenyI) phenyl]-4-oxobutanoate 
(0.40 g, 1.02 mmol) was added in one portion at rt to a solution of sodium 
ethoxide (0.08 g, 1.12 mmol) in DME (1 mL). After 15 min, 4-phenyM- 
iodobutane (0.24 g, 0.93 mmol) in DME (3 mL) was added. The resulting 
solution was stirred for 18 h. The solvent was concentrated in vacuo and the 

15 resulting oil dissolved in CH2CI2 (100 mL) and washed with water (100 mL). 
The phases were separated and the aqueous phase was extracted with CH2CI2 
(2 x 50 mL). The combined organic phases were dried (MgS04), filtered, and 
concentrated in vacuo. The resulting oil was purified by flash 
chromatography on silica gel using a gradient of ethyl acetate /hexane (10% to 

20 25% ethyl acetate) as the eluent to afford a crystalline solid which was 
recrystallized with hexane and ethyl acetate to afford l-[4'-(4'- 
chlorophenyl)phenyl]-3,3-dicarboethoxy-l-oxo-7-phenylheptane (0.272 g, 28%). 
MP67-69°C 

25 Steps 4 and 5 - Preparation of Example 179. The diester from step 3 was 
converted to the monoacid following the general method for Example 40 steps 
4 and 5. MP 127-130 °C. 

The above methods for the preparation of Example 179 were used to 
30 prepare the following series of biphenyl containing products (TABLE XIII) 
using the appropriate alkylating reagent and the appropriately substituted 
biaryl starting material. 

35 
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TABLE Xm 









0 R 6 a 




\=/ 






example 


R 6 a 


isomer 


m.p.(°C) /other characterization 


179 


Ph(CH2)4 


R, S 


127-130 


180 




R, S 


131-132 


181 


Ph(CH2)6 


R, S 


104-105 


182 


4-1 n-l nv_ri2 


T> C 

K, J 


228-230 


183 




R, S 


171-172 


IRA. 


i V ^ eM _ 


R S 


158-159 


185 




R,S 


148-149 


186 




R,S 


125-126 


187 




R, S 


127-129 


188 




R, S 


155-156 



189 PhCjCCH2 R, S 

190 PhCH20(CH2)2 R, S 

191 CH30(CH2)20CH2 R, S 

192 PhCH20CH2 R, S 



141-142 
99-100 
95-97 

Anal. C: calcd, 70.50; found, 
70.73. H: calcd, 5.18; found, 5.14 



10 



15 



Example 193; 

Methods similar to those of Chem. Pharm. Bull. 36(6), 2050-2060, (1988) 
were used to prepare Example 193 as follows: 

In a 250 mL round bottom flask, 9.84g (32.77 mmol) of Example 23 was 
dissolved in 48 mL of DMF. The flask was placed under Ar. Thiopivalic acid 
(8.4 mL, 66.09 mmol, 2 eq) was added to the flask via syringe followed by 
addition of 3.2 mL of a 1.93M solution of K2CO3 in H2O. The mixture was 

then stirred at 25 °C for 23 h. 

The reaction was diluted with 200 mL H2O and acidified with 10% HC1 
to pH=l. The mixture was extracted with ethyl acetate (100 mL, x3). The 
combined organic extracts were washed with water (100 mL, x4), dried over 
magnesium sulfate and concentrated in vacuo to yield crude product (13.16 g, 
96% crude). 
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The crude material was dissolved in ethanol, treated with activated 
carbon, filtered and concentrated in vacuo. The residue was recrystallized 
from ethyl acetate and hexane to yield 11 Jg (81%) of white crystals. MP 119- 
120 °C 

5 

FxEmrlf 194 and Example 195; 

Example 193 (1.38 g injected in several portions) was separated by 
chromatography on a Chiralcel® OJ HPLC column (2 cm x 25 cm) using 9 
ml/min. 85% hexane / 15% (0.2% trifluoroacetic acid in ethanol) and peak 
10 detection by UV at 320 nM. The best fractions of each isomer were combined 
and each material was then recrystallized from ethyl acetate /hexane to yxeld 
520 mg of pure Example 194 (first to elute) and 504 mg of pure Example 195 

(second to elute). 
Example 194: [alD +26.4 (CHCI3). 
15 Example 195: [alD -27.0 (CHCI3). 

Example 12fe , L 

The above method for the preparation of Example 193 was used to 
prepare Example 196 using thiophenol and Example 23. MP 125-126 °C. 

20 

Example 197; 

A solution of Example 196 (24 g, 0.058 mol) and (+)-cinchon.ne (10 g, 
0 034 mol) in acetone (150 mL> was allowed to stand a« room temperature for 
46 h The white precipitate was removed by filtration, suspended in ethyl 
acetate and washed successively with 2N HC1 (150 mL) and sat. aq. NaCl (100 
mD The organic layer was dried over MgS0 4 , filtered and concentrated 
under reduced pressure to give a white solid (8.4 g, isomer ratio 95.3 : 4.7 
(Example 197 : Example 198)). A second iteration (Cinchonine, 6.75 g; acetone, 
140 mL) followed by simple crystallization with an ethyl acetate / hexanes 
mixture (1 : 2) provided Example 197 (6.67 g, 56% theoretical; isomer ratio 99.3 : 
0.7) as a white crystalline solid. la] D +84.8<> (c 1.5, acetone). 

FVamP purified samples of this isomer could be obtained by HPLC on a 
Chiralpak® AD column (cm x 25 cm) using ethanol / hexane (1:9.+ 0.15 % 
trifluoroacetic acid added to the ethanol). With these conditions Example 198 
eluted second and could be obtained pure only from very small injections 
Use of a proprietary chiral stationary phase according to the general 
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30 



35 
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procedures of: D. Arlt, B. Boemer, R. Grosser and W. Lange, Angew. Chem. 
Int. Ed. Engl 30 (1991) No. 11, pages 1662 - 1664 yielded larger quantities of pure 
material with isomer ratio <1 : >99. The best chroma tograpy fractions were 
freed of solvent by evaporation in vacuo and then the residue (830 mg) was 
5 recrystallized from ethyl acetate/hexane mixture to yield pure material (479 
mg). WD -79.8° (c 1.0, acetone). 

The above methods for the preparation of Examples 193-198 were used 
to prepare the following series of biphenyl containing products (TABLE XIV) 
10 using the appropriate thiol-containing reagent and Example 23. 

TABLE XIV 



J isomer m.p.(°C)/oth 



ex. 


R8 


isomer 


m.p.(°C)/other characterization 


193 


(CH3)3CCO 


R, S 


119-120 


194 


(CH3)3CCO 




laJD +26.4(CHCl3) 


195 


(CH3)3CCO 




[aJD-27.0(CHCl3) 


1% 


Ph 


R, S 


125-126 


197 


Ph 




la]D +84.8° (c 1.5, acetone) 


198 


Ph 






199 


2-thiophene 


R, S 


136-137 


200 


Ac 


R, S 


140-141 


201 


4-methoxybenzy 1 


R,S 


126-127 


202 


PhCO 


R, S 


162-164 


203 


PhCH2 


R, S 


155-157 


204 


4-hydroxyphenyl 


R, S 


162-163 


205 


2-phenylethyI 


R, S 


105-106 


206 


4-methoxyphenyl 


R, S 


138-139 


207 


3-phenylpropyl 


R, S 


82-83 


208 


4-fluorophenyl 


R, S 


112-113 


209 


4-chlorophenyl 


R,S 


152-153 


210 


4-bromophenyl 


R, S 


153-154 


211 


4-methylphenyl 


R, S 


125-127 


212 


4-ethylphenyl 


R, S 


122-123 


213 


4-f-butylphenyl 


R, S 


122-123 


214 


cyclohexyl 


R, S 


MS (FAB-LSIMS) 417[M+H]+ 


215 


3,4-dimethoxypheny 


R,S 


144-145 


216 


3,4-dichlorophenyl 


R,S 


156-157 


217 


2-hydroxymethylphenyl 


R, S 


111-112 


218 


2-fluorophenyl 


R, S 


131-132 


219 


2-bromophenyl 


R,S 


159-160 
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220 
221 
222 
223 
224 
225 



226 
227 
228 
229 
230 
231 
232 
233 



234 
235 
236 

237 
238 

239 
240 
241 



242 
243 
244 



432 



433 
434 



435 
436 



HO 



2- ethylphenyl 
2-isopropylphenyl 

4-pyridyl 
4-acetaminophenyl 
4-nitrophenyl 

2-naphthyl 
1-naphthyl 

3- bromophenyl 
2-methoxyphenyl 

2- chlorophenyl 

3- methylphenyl 
2-methylphenyl 



6- 



3-methoxyphenyl 
3,5-dunethoxyphenyl 
3- 

trifluoromethylphenyl 
4-carbomethoxyphenyl 

i-Pr 

2-hydroxyphenyl 

qo 

3-chlorophenyl 
3-fluorophenyl 

CO*Mt 

& 
b- 

2,6-dimethylphenyl 

COjM* 

b- 

CON 

6- 



HaO|C. 



EI.NOC 



R S 

R,S 
RS 
R, S 
RS 
RS 

RS 
R,S 
R,S 
R,S 
RS 
RS 
RS 
RS 



R S 
RS 
RS 

RS 
RS 



COMM., 



RS 
RS 
R S 



RS 
RS 
RS 



RS 



RS 
RS 



RS 
RS 



134-135 
149-150 
190-191 
165-166 
211-212 
172-173 



155-156 
168-169 
167-168 
115-116 
153-154 
137-138 
130-131 
221-222 



143-144 
175-176 
114-115 

152-153 
162-163 

110-111 
148-149 
172-173 



164-165 
135-136 
167-168 



132-133 



190-191 
160-161 



165-166 
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437 



M»,N0C, 




R,S 



155-157 



Example 444; 



AcO 




o 

Step 1 The desired product was obtained from acetoxybiphenyl and itaconic 
5 anhydride according to the procedure of Example 23. MP 200-201 °C 



Step 2 - Preparation of Example 444. Example 444 was prepared from the 
product of step 1 and thiophenol according to the procedure for the 
10 preparation of Example 193. Reaction conditions led to cleavage of the acetyl 
group as well as addition of thiophenol to the acrylate. MP 137-138 °C 



15 Example 345; 

Mother liquors from crystallization of crude Example 196 were 
chromatographed on silica gel to yield a purified sample of the isomeric 
product Example 245. Anal. C: calcd, 67.23; found, 66.92. H: calcd, 4.66; found, 
4.66. CI: calcd, 8.63; found, 8.72. S: calcd, 7.80; found 7.69. 





o 



Example 245 



20 
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Example 246 and Example 247 Example 248 and Example 249 

Tr mtfr W Example, ?47 p^mpie ?48 and Example 249; 

A sample of Example 1% was stored for several days as a solution m a 
mixed solvent containing tetrahydrofuran which also contained significant 

5 quantities of peroxides. This resulted in the formation of significant 
quantities of the isomeric sulfoxides Example 246, Example 247, Example 248 
and Example 249 which were separated into pure fractions by chromatography 
on chiral HPLC stationary phases. These same compounds can also be isolated 
from aged samples of Example 196 or its isomers Example 197 or Example 198 

10 or samples of the same materials in solution with added hydrogen peroxide. 
The two sulfoxides Example 248 and Example 249 are often found as 
contaminants in aged air oxidized samples of Example 197 and therefore must 
share the C-2 stereochemistry of Example 197, but differ in the stereochemistry 
at the sulfoxide oxygen. Likewise Example 246 [a] D -99.7 (c 0.6, acetone)and 

15 Example 247 are found in aged samples of Example 198 and therefore share the 
C-2 stereochemistry of Example 198, but differ in stereochemistry at sulfoxide. 
Example. 246: [alo -99.7 (c 0.6, acetone). 
Fvample 247: UlD +100- 6 < c °- 6 ' acetone). 
Example 248: lalD -97.4 (c 0.6, acetone). 

20 Fvample 249: UlD +95 6 (c 0.6, acetone). 



25 



O 



OH 

6 

Example 250 




A solution of Example 244 (20.9 mg, 0.0445 mmol) in THF (1.5 mL) was 
cooled in a dry ice/ acetone bath. The reaction vessel was sealed with a rubber 
septum and methylamine gas was bubbled through for approximately 1 nun. 
The reaction was allowed to warm to room temperature and stirred for 
several h. Concentration under reduced pressure and recrystallizatior .from 
30 ethyl acetate and hexane provided Example 250 as white crystals. MP 185- 
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Sample 251; 

In a 25 mL round bottom flask, 209.8 mg (0.732 mmol) of Example 29 
was dissolved in 5 mL of 1,4-Dioxane. The flask was placed under Ar. 
Thiophenol, 0.1 mL (0.934 mmol, 1.33 eq) was added to the flask via syringe. 
The mixture was then stirred at 25 °C At 102 h an additional 0.1 mL of 
thiophenol was added via syringe. The mixture stirred for a total of 125 h. 
The reaction was then concentrated in vacuo and the residue was 
recrystailized from ethyl acetate and hexane to yield 93.0 mg (32%) of white 
crystals. MP168-169°C 

The above method for the preparation of Example 251 was used to 
prepare the following biphenyl containing products (TABLE XV) using 
Example 29 and the appropriately substituted thiol starting material. 

15 TABLE XV 

' '~ ~ ^ - * - - - peg 

OH 



10 



25 



example R6 a isomer m.p.(°C)/other characterization 

251 PhS R, S 168-169 

252 PhCH2S R, S 162-164 

Example 253 (Reference compound): 

This compound was prepared using a method similar to that used for 
Example 193 except that thiolacetic acid was used instead of thiopivalic acid 
20 and Example 28 was used instead of Example 23. MP 94.0-95.0 °C 

The above method for the preparation of Example 253 was used to 
prepare the following phenyl containing products (TABLE XVI) using thiol 
acetic acid and the appropriately substituted olefinic starting material. 



TABLE XVI 



fO*A 



SAc 

OH 



example (T) X A isomer m.p.("C)/other characterization 

253a Me RTS 94-95 * 
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254^ — Q-O". 

a Reference compound. 



R, S 91-92 



10 



Example 255; 

195.3 mg (0.650 mmol) of Example 32 and 120.9 mg 2- 
mercaptothiophene were dissolved in 3 ml of distilled THF. The reaction was 
purged with argon and stirred at ambient temperature overnight. The 
volatile components were removed in vacuo to give a crude solid that was 
recrystallized (EtOAc-hexane) to give 140.0 mg (52%) of Example 255. MP 
160.0-161.0 °C. 

The above method for the preparation of Example 255 was used to 
prepare the following series of biphenyl containing products (TABLE XVII) 
using the appropriate thiol-containing reagent and Example 32. 



15 



TABLE XVII 
O 



example 



CI 



R8 




OH 



R s — S' 



isomer m.p.(°C)/ other characterization 



255 
256 
257 
258 a 

a Reference compound 



2-thiophene 
(CH 3 )3CCO 
Ph 
Ac 



R, S 
R, S 
R, S 
R, S 



160-161 
106-107.5 
135-136 
118-119 



Example 259; . 
Example 29 (0.36 mmol) was dissolved in 10 ml of 1,4-dioxane under 

20 argon at ambient temperature. 1.06 eq of thiomorpholine was added to the 
solution and within 5 minutes a precipitate began to form. Some additional 
1,4-dioxane was added to make the mixture easier to stir. Stirring continued 
overnight. The solid was removed by filtration and dried in vacuo to yield 
129 mg of the free base form of Example 259 as a solid product. 

25 The hydrochloride salt of the product was formed by suspending the 

initial solid in EtOH and bubbling HC1 gas into the suspension until dear. 
Et 2 0 was used to precipitate the salt which was collected by filtration to give 
final product Example 259. MS (FAB-LSIMS) 390 [M+H1+. 
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The above method for the preparation of Example 259 was used to 
prepare the following biphenyl containing products (TABLE XVIII) using 
Example 29 and the appropriate amine starting material. In each case the 
5 initial products were converted to hydrochlorides as above before assay as 
inhibitors of MMPs. 



TABLE XVHI 



10 



O Ffia 

OH 



o 

example r6 3 isomer m.p.(°C)/other characterization 

259 r^"* O MS (FAB-LSIMS) 390 [M+H] + . 

260 ? H R, S MS (FAB-LSIMS) 470 [M+H] + 

261 V-^-ho R ' S MS (FAB-LSIMS) 402 (M+HJ+ 

O N 



y 



o \ o 



bo 



Example 262 

Example 262! 

This compound was prepared using the general procedure of Example 
114 except that commercial dimethyl 2-(3-N-phthalimidopropyl)malonate was 

15 used instead of ethyl 2-carboethoxy-5-phenylpentanoate . Also the following 
procedures were used instead of the treatment of the crude oil with NaOH in 
ethanol/water and successive steps. The substituted diester (product from 
steps 1,2, and the first half of 3) was dissolved in a 1:4 solution of concentrated 
hydrochloric acid : glacial acetic acid in a sealed vessel and heated to 110 °C for 

20 18h. After cooling, solvent was removed under reduce pressure. The 
resultant was concentrated from hexanes (2x 25 mL) and toluene (2x 25 mL) 
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affording a solid which was chromatographed on silica gel with 3% acetic 
acid/ethyl acetate. MP 191-192 °C. 

f ample, 263; 

5 Step 1 The bromomethylketone product from step 2 of the Example 114 
preparation was recrystallized from ethyl acetate. In a 50 mL round bottom 
flask 1.22g (3.94 mmol) of this purified material was dissolved in 12 mL of 
dimethoxyethane (DME). Sodium iodide, 618.9 mg (4.13 mmol, 1.05 eq) was 

10 added to the flask to yield solution 1. 

In a separate flask, l.OOg (4.34 mmol, 1.1 eq) of commercial diethyl (2- 
dimethylaminoethyDmalonate was dissolved in 4 mL of DME. Sodium 
ethoxide, 336 mg (4.69 mmol) was added to the flask to yield solution 2. 

Solution 1 was added to solution 2 and the mixture stirred at 25 C tor 

15 1 5 h The reaction was concentrated in vacuo and the residue dissolved in 
chloroform. The chloroform was washed twice with a 10% solution of 
potassium carbonate and once with a solution of sodium bisulfite. The 
organic layer was dried over magnesium sulfate, filtered and concentrated w 



20 



25 



30 



35 



vacuo. 



Step 2 The residue from step 1 was dissolved in 20 mL of a 1:1:1 mixture of 
ethanol/ water/ tetrahydrofuran and 6 mL of 1.0 N NaOH was added^ The 
mixture was refluxed for several days, diluted with water, acidified with 10* 
HC1 to pH=3 and condensed. 

Step 3 - Preparation of Example 263. The resultant solid was nuxed with 100 
mL of 1 N HC1 and refluxed for 8 h. The mixture was filtered and the solid 
was washed with hot ethanol. The ethanol washes were concentrated and 
crystals were collected. The filtrate was concentrated to dryness and 
recrystallized from ethyl acetate to produce 15.6 mg (3.7%) of white crystals of 
Example 263. MP207-208°C. 

The above method for the preparation of Example 263 was used to 
prepare the following biphenyl containing products (TABLE XIX). In each case 
the initial products were converted to hydrochlorides as above before assay as 
inhibitors of MMPs. 
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TABLE XIX 



O R*a 



example r6 3 




isomer m.p.(°C)/other characterization 



263 HCl»Me2N(CH2)2 

264 HOEt2N(CH2)2 

265 CF3C02H»Et2N(CH2) 



R, S 207-208 
R, S 185-186 
R,S MS (FAB-LSIMS) 402[M+H] + 



3 



CI 



o 

Example 266 



5 Example 266: 

Example 266 was prepared in a manner similar to Example 263 except 
that diethyl 2-(3-methylthiopropyl)malonate was used instead of diethyl (2- 
dimethylaminoethyDmalonate. The crude diester intermediate was not 
washed with base. It was chroma tographed over silica gel using hexanes and 
10 ethyl acetate. After the final acidification the product was extracted into ethyl 
acetate and concentrated. The residue was dissolved in 1,4-dioxane and 
refluxed to decarboxylate. The crude product was then chromatographed over 
silica gel using ethyl acetate and acetic acid. The product was recrystallized 
from ethyl acetate and hexane. MP 134-135°C 



Step 1 A solution of malonic acid (100 g, 0.96 mol) in allyl alcohol (250 mL) 
was treated with sulfuric acid (0.25 mL) and heated to 70 °C for 12 h. After 

20 cooling to room temperature, the solution was concentrated to about 1/3 of its 
original volume and diluted with hexanes (500 mL). The mixture was washed 
successively with satd. aq. K2CO3 and NaCl. The organic layer was dried over 
Na2SC>4, filtered and concentrated under reduced pressure. Purification by 
distillation (85 °C@0.01 mmHg) provided diallyl malonate (156 g, 88%) as a 

25 colorless oil. *H NMR (300 MHz, CDCI3) d 5.85 (m, 2H), 5.30 (m, 2H), 5.20 (m, 
2H), 4.60 (m, 4H), 3.40 (s, 2H). 



15 



Example 267: 



O O 
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N 

O O 

Step 2 A solution of sodium hydride (4.35 g, 0.18 mol) in freshly distilled THF 
(100 mL) was cooled to 0 °C and treated with diallyl malonate (35 g, 0.19 mol) 

5 over 40 min via a dropping funnel. After stirring at room temperature for 30 
min, N-(2-bromoethyl)phthalimide (43.9 g, 0.17 mol) was added to the 
solution in one portion and the mixture was heated to reflux. After 48 h the 
solution was cooled to 0 °C, quenched with 2N HC1 and concentrated to about 
20% of its original volume. The concentrate was diluted with ethyl acetate 

10 (300 mL) and washed successively with satd. aq. K2CO3 and NaCl. The organic 
layer was dried over MgS0 4 , filtered and concentrated under reduced 
pressure. Purification by flash column chromatography (5-25% ethyl 
acetate:hexanes) provided diallyl 2-phthalimidoethylmalonate (41.2 g, 67%) as 
a colorless oil. *H NMR (300 MHz, CDCI3) d 7.82 (m, 2H), 7.72 <m, 2H), 5.85 

15 (m, 2H), 5.30 (m, 2H), 5.22 (m, 2H), 4.60 (m, 4H), 3.80 (t, J=6.6 Hz, 2H), 3.46 (t, 
J=7.2 Hz, 1H), 130 (dd, J=13.8, 6.9 Hz, 2H). 

CO2AII 
C0 2 aii 9 




Step 3 A solution of diallyl 2-phthalimidoethylmalonate (38.0 g, 0.106 mol) in 
20 freshly distilled THF (200 mL) was cooled to 0 °C and added via cannula to a 
second solution of NaH (2.5 g, 0.106 mol) in THF (50 mL) at 0 °C. After 
warming to room temperature and stirring for 40 min, the product of Example 
114, step 2 (36.1 g, 0.117 mol) was added in three portions over 5 min and the 
mixture was heated to reflux. After 12 h the solution was cooled to 0 C, 
25 quenched with 2N HC1 and concentrated under reduced pressure. The 
concentrate was diluted with dichloromethane (250 mL) and washed 
successively with satd. aq. K2CO3 and NaCl. The organic layer was dried over 
MgS0 4 , filtered and concentrated. Crystallization from ethyl acetate provided 
diallyl (2-phthalimidoethyl) 4'-(4'-chlorophenyl) acetophenone malonate (49.1 
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g, 83%) as an off white crystalline solid (additional material was recovered 
with successive recrystaliizations): Rf 0.4 (30% ethyl acetaterhexanes). 

Step 4 - Preparation of Example 267. A solution of the diallyl disubstituted 
5 malonate (45.6 g, 77.5 mmol) in a 1,4-dioxane/ water soln (300 mL, 5% water) 
was treated with tetrakis(triphenylphosphine)palladium (0.5 g, 0.4 mmol) in 
one portion followed by pyrrolidine (14.2 mL, 171 mmol) dropwise over 1 h. 
After stirring for an additional 30 min, the solution was diluted with ethyl 
acetate (600 mL) and washed with 2N HQ. The organic layer was concentrated 
under reduced pressure to give the corresponding diacid as a white crystalline 
solid. The diacid could be easily r eery stall ized from chloroform or ethyl 
acetate, but was generally taken on to the next step without further 
purification. The diacid was dissolved in 1,4-dioxane (300 mL) and heated to 
reflux for 36 h. After cooling to room temperature, the solution was 
concentrated and recrystallized from 1,4-dioxane: toluene to give the desired 
acid (31 g, 86%) as a white crystalline solid. MP 209-210° C. 

Example 268: 

Example 267 (racemate) was separated into its most active (Example 268 
first off column) and less active (Example 269 second off column) enantiomers 
on a Pirkle type L-Leucine HPLC column using a 2%-acetic acid in ethanol / 
dichloromethane / hexanes mixture (2 / 25 / 73) as an eluent 
Example 268: [a]o -9.7° (c 1.3, DMF). 

The above methods for the preparation of Examples 267-269 were used 
to prepare the following biphenyl containing products (TABLE XX) using the 
appropriate a-haloketone in step 3. 
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TABLE XX 



example 



(T) x 




isomer m.p.("C)/other characterization 



267 
268 
269 



CI 
CI 

CI 



R, S 



270 
271 a 
272 a 
273» 



209-210 
[a]D-9-7°(cl.3,DMF). 
Second off Pirkle type l- 
Leucine HPLC column 
223 
210 
163-164 
106-107 



Br R,S 
PhCH20 R, S 

n-pentO R, S 

EtO R, S 

apreparation of l-(2-bromoethanone)-4-(4-benzyloxyphenyl)-benzene: 
Step 1 A one-necked, 250-mL, round-bottomed flask equipped with an argon 
inlet adapter was charged with 50 mL acetone, 50 mL H2O, 4'-hydroxy-4- 
5 biphenylcarbonitrile (10.0 g, 51.2 mmol), benzyl bromide (35.0 g, 24.3 mL, 20.5 
mmol) and potassium carbonate (28.0 g, 203 mmol). The resulting mixture 
was heated at reflux for 12 h. Upon cooling to room temperature, the product 
precipitated as white hexagonal crystals in the acetone layer. The aqueous 
layer was removed, and 4'-benzyloxy-4-biphenylcarbonitrile isolated m 
10 quantitative yield via filtration. MP 151 °C. 

Step 2 A one-necked, 250-mL, round-bottomed flask equipped with a rubber 
septum and an argon needle inlet was charged with 70 mL THF, 4-benzyloxy- 
4-biphenylcarbonitrile (10.0 g, 35.0 mmol) and cooled to 0 °C while a solution 
of methyllithium (1.4 M in diethyl ether, 37.5 mL, 52.5 mmol) was added 
15 dropwise via syringe over ca. 2 min. The resulting mixture was stirred for 12 
h at room temperature. The reaction mixture was added to an ice cold 
solution of 1:1 watenconcentrated sulfuric acid (600 mL) and extracted with 
ethyl acetate. The resulting organic phase was dried over Na2SC-4, filtered, 
and concentrated to afford a yellow solid which was recrystaUized from ethyl 
20 acetate to provide a quantitative yield of the desired methyl ketone. TLC (50% 
ethyl acetate-hexanes) Rf = 0.64. 
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Step 3 A one-necked, 100-mL, round-bottomed flask equipped with a rubber 
septum and an argon needle inlet was charged with 35 mL THF, 4'-benzyloxy- 
4-biphenyl methyl ketone (1.00 g, 3.31 mmol) and cooled to -78 °C while a 
solution of LiHMDS (1.0 M in THF, 3.31 mL, 3.31 mmol) was added dropwise 

5 via syringe over ca. 1 min. The cooling bath was removed and the resulting 
mixture was stirred at room temperature until the solution was clear. The 
reaction mixture was cooled to -78 °C while trimethylsilyl chloride (0.395 g, 
0 461 mL, 3.64 mmol) was added dropwise via syringe over ca. 1 mm. The 
resulting mixture was stirred for 30 min at -78 »C. The reaction mixture was 

10 added to an ice cold mixture of hexanes (100 mL) and a saturated NaHCOs 
solution (100 mL). The resulting organic phase was dried over Na 2 S0 4 , 
filtered, and concentrated to afford a yellow solid which was immediately 
subjected to the next transformation. TLC (C-18 silica, MeCN) Rf = 0.59. 
Step 4 A one-necked, 100-mL, round-bottomed flask equipped with a rubber 

15 septum and an argon needle inlet containing crude silyl enol ether was 
charged with 25 mL and cooled to 0 °C while N-bromosuccinimide (0.587 g, 
3.30 mmol) was added in one portion. After 15 min, the cooling bath was 
removed and the reaction mixture was added to a mixture of ethyl a C etate(50 
mL) and water (100 mL). The resulting organic phase was dried over Na 2 bU 4 , 

20 filtered, and concentrated to afford l-(2-bromoethanone)-4-(4- 
benzyloxyphenyD-benzene which was suitable for immediate use as an 
alkylating agent. TLC (C-18 silica, MeCN) Rf = 0.71. This procedure was also 
used to prepare l-( 2 -bromoethanone)-4-(4-ethoxyphenyl)-ben 2 ene and l-(2- 
bromoethanone)-4-(4-pentyloxyphenyl)-benzene. 

25 




30 



Example, 276: 

The methods for the preparation of Example 267 were used to prepare 
Example 276 using commercially avaUable N-(bromomethyl)phthalirmde m 
step 2. MP 190-193 °C 
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Example 431 

Example 43l! 

The methods for the preparation of Example 267 were used to prepare 
5 Example 431 using commercially available N-(4-bromobutyl)phthalimide in 
step 2. MP 168-169 °C 




Example 279 

10 Example 279: 

Example 267 (50 mg, 0.11 mmol) was suspended in 5 ml water. A 
solution of NaOH (9.1 mg, 0.23 mmol) in 5 mL water was added and stirred for 
18 h. Concentrated HC1 was added dropwise until the solution was acidified. 
Precipitate was filtered off and dried in vacuo to afford 33 mg (64%) of the 

15 desired product MP 93-100 °C 




Example 280 



20 
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Example 280; 

The method for the preparation of Example 279 was used to prepare 
enantiomerically pure Example 280 from enantiomerically pure Example 268. 
MP 79-89 °C 



OH 



O 

Example 282 

Example 282: 

This compound was prepared by a similar method to that used for 
10 Example 23, except that 2,2-dimethylsuccinic anhydride was used instead of 
itaconic anhydride. MP 179-180 °C. 

The above method for the preparation of Example 282 was used to 
prepare the following biphenyl containing products (TABLE XXI). 
15 TABLE XXI 




R 6 d R 6 c O 

e x. R6 a R6 P R6 C R6d isomer m.p.(°C)/other charactenzation 
~282 Ml Ml H H ' 179-180 

283a Me H Me H racemic 157-159 
284a H Me Me H racemic 165-167 
apreparation of 2.3-Dimethyl succinic anhydride: To the 2,3-dimethyl succinic 
acid (5.13 g, 35.1 mmol), was added acetyl chloride (8.27 g, 7.49 mL, 105 mmol) 
at room temperature. The reaction mixture was refluxed at about 65 °C for 2 
h. Workup consisted of concentration in vacuo, and drying in high vacuo. 
20 The desired product ( 4.95 g, with a little impurity of acetic acid) was obtained 
as a white solid. H-NMR (CDCI3) d isomer #1: 1.25 (d, 6H), 3.18-3.23 (m, 2H); 
isomer #2: 1.36 (d, 6H), 2.71-2.77 (m, 2H). 

PvampiP ms. F vampii. 286. and Example 287; 
25 These compounds were prepared in a similar manner to Example 1, 

except that the indicated anhydrides were used instead of dihydro-3-(2- 
methylpropyl)-2,5-furandione: 
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Example 285 (racemate) 
Example 285 : From trans-cyclohexane-l,2-dicarboxylic acid anhydride: MP 187- 
188°C 

5 




Example 286 (racemate) 
Example 286 : From cis-cyclohexane-l,2-dicarboxylic acid anhydride: MP ISO- 
IS^. 

10 




Example 287 

Example 287 : From phthalic anhydride: MP >230°C. 



15 Example 288; 




Step 1 To fnins-cyclopentane-l,2-dicarboxylic acid (1.16 g, 7.33 mmol) at room 
temperature, was added acetic anhydride (10 mL). The reaction mixture was 
refluxed at about 165 °C for 14 h. Workup consisted of concentration in vacuo 
20 and co-evaporation with toluene three times. The crude product (1.0 g, -100 
%, with a little impurity of acetic anhydride) was given as a brown oily solid. 
*H-NMR (CDCI3) d 3.55-3.35 (m, 2H), 2.4-2.2 (m, 2H), 2.15-1.75 (m, 5H), 1.55- 
1.35 (m, 1H). 
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10 



15 



20 




Example 288 (racemate) 

Step 2 - Preparation of Example 288. 

Produced using the general method of Example 1 except that 1,2- 
dichloroethane was used as solvent and the anhydride made in step 1 was 
used instead of dihydro-3-(2-methylpropyl)-2,5-furandione. The product (1.0 g, 
43%) purified by chromatography on silica gel to yield a residue contammg 
both cis and trans isomers. The cis isomer Example 288 (160 mg) was isolated 
by several recrystallizations. MP 176-178 C. 

COaH 




Example 289 (racemate) 

Example 289; ev , M , 11f)ffl( , 

To the trans isomer containing mother liquor of Example 288 (110 mg 
0 334 mmol) in THF (5 mU was added 1,8-Diazabicyclo [5.4.0] undec-7-ene (75 
mL. 0.502 mmol) at room temperature. The reaction mixture was .stirred 
under argon for 48 h. Workup consisted of dilution with CH 2 C1 2 : (1 i«U 
addition of IN HC1 (15 mL), separation, extraction of the aqueous with CH 2 Cl2 
(15 mL x 3), drying the combined organic layers over MgS0 4 , filtrauon and 
concentration in vacuo.. The crude product (98 mg, 89%) was purged by 
HFLC, to provide pure trans compound Example 289 as a white solid. MP 169- 
172 °C 
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Example 290 (racemate) Example 291 (racemate) 



Example 290 and Sample 291; 
5 These compounds were produced using the general method of Example 

1 except that 1,2-dichloroethane was used as solvent and 
cyclobutanedicarboxylic anhydride was used instead of dihydro-3-(2- 
methylpropyl)-2,5-furandione. The crude product (0.72 g, 30%) contained a 
mixture okis and trans isomers (cis: trans = 2/1). MS (FAB-LSIMS) 315 
10 [M+H]+. 

Example 290: The crude product was purified by chromatography on silica gel 
to provide 40 mg of the cis isomer as a white solid. MP 154-156 °C. 
Example 291: To the suspension of the crude two component product (14.5 g, 
46.06 mmol) in MeOH (250 mL) at room temperature, was added excess 

15 K2CO3. The reaction mixture was stirred at room temperature for 48 h. 
Workup consisted of addition of 2N HC1 (500 mL), extraction of the aqueous 
layer with CH2CI2 (7 x 400 mL), washing the combined organic layers with sat. 
NaCl (1200 mL), drying over MgSC>4, filtration and concentration in vacuo. 
The crude product (13.2 g, 91%) was given as off-white solid with 84^ de in 

20 favor of the trans isomer. The recrystallization was carried out to provide 9 1 
g of pure trans material as white crystals. MP 184-186 °C. 

Example 292: 

H0 2 C CO2H 

V 

25 Step 1 To a solution of 1,2-cis-dimethylcydopropane dicarboxylate ester (4.71 g, 
29.8 mmol) in THF (100 mL) at room temperature, was added IN NaOH (150 
mL). The reaction mixture was stirred under argon for 14 h. Workup 
consisted of separation of THF layer from the aqueous, washing the aqueous 
with diethyl ether, acidification the aqueous with 2N HC1, concentration to 

30 dryness, dilution with EtOAc, filtration and concentration in vacuo. The 
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15 



20 



desired product (3.5 g, 90%) was given as a white solid. ^-NMR (DMSO-d6) d 
4.21 (bs, 2H), 1.29-1.24 (m, 1H), 0.71-0.65 (m, 1H). 




Step 2 To the cydopropane-l,2-dicarboxylic acid (3.24 g, 24.9 mmol) at room 
temperature, was added acetic anhydride (30 mL). The reaction mixture was 
refluxed for 4 h. Workup consisted of concentration in vacuo to provide the 
desired product. *H-NMR (DMSOd6) d 2.00 (dd, 1=4.04, J'=8.08, 2H), 0.90-0.83 
(m, 2H). 




Example 292 (racemate) 

Step 3 - Preparation of Example 292 mpfprpnre compound). Produced using 
the general method of Example 1 except that 1,2-dichloroethane was used as 
solvent and the anhydride of step 2 above was used instead of dihydro-3-(2- 
methylpropyl)-2,5-furandione. MP 175-176 C. 



CO2H 




25 



Example 293 (racemate) 
Example 293 fRgference compound); 

To a solution of Example 292 (50 mg, 0.166 mmol) in MeOH (20 mL) at 
room temperature/was added excess K2CO3. The reaction mixture was stirred 
at room temperature for 48 h. Workup consisted of addition of IN HC1 (25 
mL), extraction of the aqueous layer with CH 2 C1 2 (4 x 25 mL), washing the 
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combined organic layers with sat. NaCl (50 mL), drying over MgS04/ filtration 
and concentration in vacuo. The product (50 mg, 100%) was given as a white 
solid with >99% de in favor of the trans isomer. MP 181-183 °C. 

5 Example 294 and Example 295: 




Step 1 Using the general method of Example 1 except that the solvent was 1,2- 
dichloroethane and l-Cyclopentene-l,2-dicarboxylic anhydride was used 
instead of dihydro-3-(2-methylpropyl)-2,5-furandione, the above compound 
10 (27.7 g) was obtained as white crystals in 91% yield. MP 226-227 °C 

Example 439; 



ci 




Example 439 

15 Step 2 - Preparation of Example 439. To a solution of diisopropylamine (19 
mL, 130 mmol) in THF (60 mL) at -78 °C, was added n-butyllithium (78 mL, 
125 mmol). The LDA was stirred for 30 min at -78 °C and then treated with a 
solution of the product from step 1 (10.2 g, 31.2 mmol) in THF (100 mL). The 
reaction mixture was stirred under argon at -78 °C for 1.5 h, and quenched 

20 with AcOH (21 mL, 375 mmol). The resulting mixture was allowed to warm 
to room temperature during a period of 2 h. Workup consisted of addition of 
IN HC1 (100 mL), extraction of the aqueous with CH2O2 (3 x 150 mL), and 
concentration in vacuo. The crude product was recrystallized from EtOAc to 
provide 6.22 g of the above compound as off-white crystals. MP 202-204 C 

25 

Step 3 - Preparation of Example 294 and Example 295. To a solution of the 
product from step 2 (919 mg, 2.81 mmol) in DMF (6 mL) at room temperature 
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under argon, was added thiophenol (433 mL, 4.22 mmol) and K2CO3 in H2O (2 
M, 141 mL, 0.281 mmol). The reaction mixture was stirred under argon at 
room temperature for 18 h. Workup consisted of dilution with CH2CI2 (15 
mL), acidification with 2N HC1, addition of H2O (20 mL), washing the organic 
5 layer with H2O (3 x 40 mL), sat. NaCl (30 mL), drying over MgS04, filtration 
and concentration in vacuo. The crude product was purified by 
chromatography on silica gel to provide two separated diastereomers, trans- 
trans Example 294 and trans-cis Example 295 in a total yield of 46%. 
Example 294: MP 177-178 °C 
10 Example 295: MP 184-185 °C 

Example 296 and Example 297: 

Enantiomeric separation of Example 294 was carried out by using a 
Diacel® AD semi-prep column (2 cm x 25 cm) with 15% IPA (with 1% H2O 
15 and 0.1% TFA) in hexane to provide enantiomer Example 296 with >98% ee, 
and enantiomer Example 297 with >97% ee. 
Example 296: (+)-enantiomer; MP 165-167 °C. 
Example 297: (-)-enantiomer; MP 168-169 °C. 

20 Example 298; 

The above methods for the preparation of Example 294 were used to 
prepare Example 298 using the appropriate commercially available thiol. MP 
227-228 °C 

25 Example 299 and Example 300: 

Isomers of Example 298 were separated by chromatography on a 
chiralpak AD® HPLC column to yield the enantiomers Example 1299 and 
Example 300. 

Example 299: MP 124-125'C; [a]o +18.69 (c 0.73, acetone) 
30 Example 300: MP 132-133 # C; [a]o -17.92 (c 1.16, acetone) 

Example 301; 

A 0.6 ml portion of 1 N sodium hydroxide was added to a suspension of 
100 mg of Example 298 in 3 ml of methanol. After stirring at ambient 
35 temperature, tic assay still showed starting material, so another 0.3 ml of 
NaOH solution was added and stirring was continued for a total of 40 h, after 
which tic showed no starting material remained. Solvent was removed by 
evaporation in vacuo and the residue was mixed with water and 10% HC1 and 
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then extracted several times with ethyl acetate. The combined extracts were 
dried (MgS0 4 ) and evaporated in vacuo. The residue was recrystallized from 
ethyl acetate/hexane to yield 72.6 mg of Example 301 as a white powder. MP 
216-217'C (dec). 

The above methods for the preparation of Examples 294-301 were used 
to prepare the following biphenyl containing products (TABLE XXII). 



T ABLE XXn 

COjH 



ex. 




S — R* 



R8 



stereochemistry 




U 


2,3 


isomer 


trans 
trans 
trans 
trans 
trans 


trans 

cis 
trans 
trans 

cis 


racemic 
racemic 

(+) 

(-) 
racemic 


trans 


cis 


(+) 


trans 


cis 


(•) 



m.p.(°C)/other 
charac terization 

179-180 



294 
295 
296 
297 
298 



299 
300 
301 




184-185 
165-167 
168-169 
227-228 



lalD +18.69 (c 0.73, 
acetone) 

[a)D -17.92 (c 1.16, 
acetone) 



c°j h trans cis racemic 216-217 (dec) 

c5- 

302 4-nuSophenyl as cto racemic MS (FAB-LSMS) 4 

[M+H] + 

303 4-fluorophenyl trans cis racemic 211-212 

_ • , i v tr'.nc rarpmif 1/3-1/0 



cis 


cis 


racemic 


trans 


cis 


racemic 


trans 


trans 


racemic 


cis 


cis 


racemic 


trans 


cis 


racemic 


trans 


trans 


racemic 



305 2-methylphenyl cis cis racemic M!> if J 

[M+H] 

306 2-methyiphenyl trans 

307 J°* 



196-197 
MS (FAB-LSIMS 
[M+H] + 
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20 



308 



309 
310 
311 
440 
441 



o- 

4-fluorophenyl 
4-chlorophenyl 
4-chlorophenyl 

PhCH2 

PhCH2 



as 



trans 
trans 
trans 
trans 
trans 



as 



trans 
trans 

cis 

cis 
trans 



racemic MS (FAB-LSIMS) 495 
[M+H] + 



racemic 
racemic 
racemic 
racemic 
racemic 



164-166 
213-214 
210-211 
155-156 




Example 313 



Example 312 
FvampIP 312 and Example 313; 

The racemate from Example 295 was separated into enantiomers by 
chromatography on a Chiralpak AD® HPLC column. Example 312 eluted first. 
iH-NMR spectra identical to that of Example 295. 




Example 314; 

A 5 ml portion of 30% aqueous hydrogen peroxide was added to a 
suspension of 2.00 g of Example 197 in 25 ml of acetic acid/water (1:1). After 
stirring this mixture overnight, another 2 ml of hydrogen peroxide solution 
was added followed by another 24 h stirring . The mixture was heated to 40- 
60-C for 2.5 h and then stirred at room temperature overnight. The resultant 
solution was diluted with water and extracted three times with ethyl acetate 
and then three times with methylene chloride. The combined extracts were 
dried (MgS0 4 ) and evaporated in vacuo. The residue was recrystallized from 
ethyl acetate/hexane to yield a total of 1.64 g of Example 314 in three crops of 
white powder, MP 159.5-161.0«C; lalD +19-59 (c = 0.485, acetone). 
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Example 315 and Examplg 31fr 

Step 1 To a solution of 4-(4-bromophenyl)-phenol (4.06 g, 16.3 mmol) in 
acetone (30 mL) at room temperature, was added 4.5 eq K2CO3 (4.0 M, 18 mL, 
73.3 mmol) in water and 4.0 eq iodoethane (5.26 mL, 65.2 mmol). The reaction 
mixture was stirred overnight, and heated to reflux for 6 hr. The product was 
crystallized out of the solution, and filtered. The crude product was 
recrystallized from hexane to provide ethyl 4-(4-bromophenyl) phenyl ether 
(4.1 g, 91%) as white crystals. *H NMR (CDCI3) d 7.53 (d, J=8.83 Hz, 2H), 7.47 (d, 
J=6.62 Hz, 2H), 7.41 (d, J=8.46 Hz, 2H), 6.96 (d, J=8.82 Hz, 2H), 4.07 (q, J=6.99 Hz, 
2H), 1.44 (t, J=6.99 Hz, 3H). 



O COOH 




Step 2 To the solution of ethyl 4-(4-bromophenyl) phenyl ether (12.87 g, 46.43 
15 mmol) in THF (90 mL), was added f-BuLi (1.7 M, 54.6 mL, 92.87 mmol) at -78 
C. The reaction mixture was stirred under argon at -78 °C for 3 h, and treated 
with l-cyclopentene-l,2-dicarboxylic anhydride (6.73 g, 48.75 mmol). The 
resulting mixture was stirred at -78 °C for 2 h, and then warmed to room 
temperature. Workup consisted of addition of IN HC1 (150 mL), extraction 
20 with EtOAc (4 x 200 mL), and concentration in vacuo. The crude product (18 g) 
was recrystallized from EtOAc to provide the intermediate acylacrylic acid (6.8 
g, 43%) as an off-white solid. *H NMR (CDCI3) d 7.88 (d, J=8.09 Hz, 2H), 7.63 (d, 
J=8.45 Hz, 2H), 7.56 (d, J=8.82 Hz, 2H), 6.98 (d, J=9.19 Hz, 2H), 4.09 (q, J=6.99 Hz, 
2H), 2.84 (m, 4H), 2.10 (m, 2H), 1.45 (t, J=6.99 Hz, 3H). 

25 

O COOH 
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Step 3 To the solution of intermediate from step 2 (3.45 g, 10.25 mmol) in THF 
(100 mL) at -78 °C / was added 4.0 eq LiN(TMS)2 (1 M, 41.03 mL, 41.03 mmol). 
The resulting yellow mixture was stirred under argon at -78 C for 18 h, 
quenched with AcOH (-10 mL), and then allowed to warm to room 
5 temperature. Workup consisted of addition of IN HC1 (120 mL), extraction 
with EtOAc (4 x 130 mL), washing the combined organic layers with sat. NaCl 
(250 mL), drying over MgS04, filtration and concentration in vacuo. The 
crude product was purified by recrystallization from EtOAc to provide a 
rearranged acrylic acid intermediate (2.40 g, 70%) as an off-white solid. *H 
1 0 NMR (CDCI3) d 7.89 (d, J=8.64 Hz, 2H), 7.50 (d, J=8.09 Hz; 2H), 7.42 (d, J=8.83 Hz, 
2H), 6.85 (s, 1H), 6.83 (d, J=8.83 Hz, 2H), 4.64 (m, 1H), 3.94 (q, J=6.99 Hz, 2H), 2.47 
(m, 2H), 2.35 (m, 1H), 1.85 (m, 1H), 1.29 (t, J=6.99 Hz, 3H). 




15 Example 315 (racemate) Example 316 (racemate) 

Step 4 - Preparation of Example 315 and Example 316. To the solution of 
intermediate from step 3 (510 mg, 1.52 mmol) in DMF (2 mL) at room 
temperature under argon, was added thiophenol (311 mL, 3.03 mmol) and 
freshly made K2CO3 in H2O (2 M, 75 mL, 0.15 mmol). The homogeneous 

20 solution was stirred at room temperature overnight. Workup consisted of 
acidification with 2N HC1 (1 mL), addition of H2O (10 mL), extraction with 
CH2CI2 (2 x 15 mL), filtration through silica, and concentration in vacuo. The 
crude product was purified by HPLC (0-8% EtOAc/CH2Cl2) to provide two 
separated diastereomers, trans-trans isomer Example 315 and trans-cis isomer 

25 Example 316. 

Example 315: Anal. C: calcd, 72.62; found, 72.74; H calcd, 5.87; found, 5.84. 
Example 316: Anal. C: calcd, 72.62; found, 72.39; H: calcd, 5.87; found, 5.87. 
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Example 442 

Example 442; 

Example 442 was prepared according to steps 1-3 of the procedure for the 
5 preparation of Example 315 and Example 316. MP 172-173 °C 



COOH 



10 



15 



20 



25 




i>hexO 



Example 443 

Example 443; 

Example 443 was prepared according to steps 1-3 of the procedure for the 
preparation of Example 315 and Example 316. MP 174-177 °C 



COjM 




CO,H 




Example 318 (racemic) 



Example 317 (racemic) 
Example 317 and Example 318; 

These materials were made in a similar method to that used for 
Examples 315 and 316 except that 1-iodopentane was used instead of 
iodoethane in step 1. All intermediates and the final products were 
characterized by iH-NMR. 
Example 317: MP 148-150'C. 

Example 319 r Fwimple 320 Franple 321 and Example 322; 

A mixture (1.8 g) of the compounds Example 317 and Example 318 was 
separated by chromatography on a Chiralcel OJ ® HPLC column to yield the 
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enantiomers of each compound. The enantiomers of each compound were 
identified by having identical iH-NMR spectra to their respective racemates. 
Example 319: 105 mg; (-) isomer of Example 318 
Example 320: 75 mg; (+) isomer of Example 318 
Example 321: 160 mg; (-) isomer of Example 317 
Example 322: 115 mg; (+) isomer of Example 317 



25 



30 



fixampfc 323; 




10 Step 1 To a solution of diisopropylamine (30.8 mL, 220 mmol) in THF (100 
mL) at -78 °C, was added n-BuLi (2 M, 100 mL, 200 mmol). The LDA solution 
was stirred at -78 °C for 30 min., and followed by addition of ethyl-2- 
oxocydopentanecarboxylate (15.6 g, 14.8 mL, 100 mmol). The reaction mixture 
was allowed to warm to 0 °C for 30 min. After cooling down to -78 C, the 

15 reaction mixture was treated with benzyl chloride (12.66 g, 11.51 mL, 100 
mmol). The resulting mixture was warmed to 0 °C for 3 h. Workup consisted 
of acidification with 2N HC1 (100 mL), extraction with EtOAc (4x100 mL) 
drying over MgS0 4 , filtration and concentration in vacuo. The crude product 
was purified by MPLC (5-15% EtOAc/hexane) to provide the indicated 

20 intermediate (7.1 g, 29%) as a clear oil. 




Step 2 To a solution of intermediate from step 1 (7.28 g, 29.56 mmol) in EtOH 
(50 mL) at 0 °C, was added NaBH4 (1.12 g, 29.56 mmol). The reaction mixture 
was stirred at room temperature for 3 h under argon, and then *7*rfby 
sat NH4CI (100 mL). Workup consisted of extraction with EtOAc (4 x 100 mL) 
drying over MgS0 4 , filtration and concentration in vacuo. The crude product 
was given as a yellow oil. 
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Step 3 To a solution of triphenylphosphine (14.64 g, 55.8 mmol) and DEAD 
(7.99 mL, 50.74 mmol) in THF (100 mL) at room temperature, was added the 
solution of intermediate from step 2 (6.30 g, 25.37 mmol) in THF (~50 mL). 
The reaction mixture was refluxed overnight under argon. Workup consisted 
5 of concentration in vacuo. The crude product was purified by MPLC twice (2% 
EtOAc/hexane) to provide the above intermediate (2.85 g, 49%). *H NMR 
(CDCI3) d 7.35-7.15 (m, 5H), 6.68 (bs, IH), 4.20 (q, 2H), 3.15 (m, IH), 2.80-2.45 (m, 
4H), 2.10 (m, IH), 1.65 (m, IH), 1.29 (t, 3H). 



Step 4 To a solution of intermediate from step 3 (2.8 g, 12.16 mmol) in DME 
(35 mL) at room temperature, was added UOHH2O (5.1 g, 121.6 mmol) in H2O 
(-35 mL). The resulting mixture was heated to reflux for 3 h. Workup 
consisted of acidification with 2N HC1 (-100 mL), extraction with EtOAc (4 x 
15 100 mL), washing the combined organic layers with sat. NaCl, drying over 
MgS04, filtration, concentration and co-evaporation with toluene (3 x 50 mL). 
The desired intermediate as shown above (2.35 g, 96%) was given as a white 
solid *H NMR (CDCI3) d 7.35-7.15 (m, 5H), 3.15 (m, 1H), 2.80-2.65 (m, 2H), 
2.65-2.45 (m, 2H), 2.15 (m, 1H), 1.70 (m, 1H). 



Step 5 To a solution of intermediate from step 4 (2.3 g, 11.34 mmol) in THF (80 
mL) at 0 °C, was added DCC (2.82 g, 13.65 mmol), and HOBT (1.84 g, 13.65 
mmol). The resulting mixture was stirred for about 1 h, and followed by 

25 addition of N,Odimethyl-hydroxylamine hydrochloride (2.22 g, 22.74 mmol) 
and Et3N (3.96 mL, 28.43 mmol). The reaction mixture was allowed to warm 
to room temperature and stirred overnight. Workup consisted of filtration, 
washing the filter cake with EtOAc, concentration in vacuo. The crude 
product was purified by HPLC (elution: 7-15% EtOAc/CH2Cl2) to provide 

30 intermediate as shown above (2.56 g, 92%) as light yellow oil. *H NMR 
(CDCI3) d 7.25 (m, 2H), 7.15 (m, 3H), 6.38 (m, 1H), 3.55 (s, 3H), 3.20 (s, 3H), 3.10 
(m, IH), 2.65 (m, 4H), 2.05 (m, IH), 1.60 (m, 1H). 
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Step 6 To a solution of ethyl 4-(4-bromophenyI) phenyl ether (830 mg, 2.99 
nunol) in THF (6 mL), was added f-BuLi (1.7 M, 3.52 mL, 5.99 mmol) at -78 °C. 
5 The reaction mixture was stirred under argon at -78 °C for 1 h, and treated 
with intermediate from step 5 (770 mg, 3.14 mmol). The resulting mixture 
was stirred at -78 °C for 30 min, 0 °C for 30 min, and room temperature for 30 
min. Workup consisted of addition of IN HC1 (25 mL), extraction with EtOAc 
(4 x 20 mL), filtration through silica, and concentration in vacuo. The crude 
10 product was purified by HPLC (elution: 5-20% EtOAc/hexane) to provide the 
intermediate as shown above (400 mg, 35%) as an off-white solid. *H NMR 
(CDCI3) d 7.80 (d, J=8.46 Hz, 2H), 7.62 (d, J=8.46 Hz, 2H), 7.57 (d, J=8.83 Hz, 2H), 
7.29 (m, 2H), 7.21 (m, 3H), 7.00 (d, J=8.82, 2H), 6.46 (bs, 1H), 4.10 (q, J=6.99 Hz, 
2H), 3.30 (m, 1H), 2.84 (m, 4H), 2.20 (m, 1H), 1.75 (m, 1H), 1.46 (t, J=6.99 Hz, 3H). 



Step 7 To a solution of intermediate from step 6 (205 mg, 0.53 mmol) in 
toluene (5 mL) at 0 °C, was added diethylaluminum cyanide (IN, 2.1 mL, 2.1 
mmol) in toluene. The reaction mixture was stirred at room temperature for 
20 2 h under argon. Workup consisted of addition of IN HC1 (20 mL), extraction 
with EtOAc (4 x 20 mL), washing the combined organic layers with sat. NaCl, 
drying over MgS04, filtration and concentration in vacuo. The crude product 
was carried to the next step. 



15 



O 
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15 



20 



COOH 




Step 8 To a solution of the crude intermediate from step 7 in dioxane (5 mL) 
at room temperature, was added 50% H2SO4 (5 mL). The reaction mixture 
was refluxed for 18 h. Workup consisted of addition of EtOAc (25 mL), 
washing the organic layer with H 2 0 (3 x 15 mL), drying over MgS0 4 , filtration 
and concentration in vacuo. The crude product was carried to the next step. 



COOH 




Example 323 (racemate) 
Step 9 - Preparation of Example 323. To a solution of crude intermediate from 
step 8 in THF (5 mL) at room temperature, was added excess DBU. The 
reaction mixture was stirred overnight. Workup consisted of dilution with 
EtOAc (30 mL), washing with 2N HC1 (2 x 10 mL), filtration through silica and 
concentration in vacuo. The crude product was purified by HPLC and 
recrystallization from EtOAc to provide Example 323 as off-white solid. MP 
138-139 °C 

CO,H 




Example 325 



Example 324 
fi W pl«> 324 and Example 325 

^ r^^^ «^ in a similar method to that used for Example 
323 except that pentyl 4-(4-bromophenyl)phenyl ether (as prepared ^in the 
Example 317 synthesis) was used instead of ethyl 4-(4-bromophenyl)phenyl 
ether in step 6. The racemate was then separated into enantiomers usmg a 
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Chiralpak AD column with Example 324 eluting first. Intermediates and final 
products were identified by J H-NMR. 




Example 326 (racemate) 

Example 326; 

Example 326 was obtained through the same synthetic sequence 
preparing Example 323, by using 4-bromo-4-chloro biphenyl in the place of 
ethyl 4-(4-bromophenyl) phenyl ether at step 6. MP 170-171 °C 




Example 327 (racemate) 

Example 327; 

To a suspension of 4-Oxo-4-(4'-chloro-4-biphenyl)but-2-enoic acid, 
Example 29 (0.941 g, 3.28 mmol) in MeOH (5 mL) at room temperature, was 
added 2,3-dimethyl-l,3-butadiene (2.69 g, 3.71 mL, 32.8 mmol). The reaction 
mixture was refluxed under argon for a total of 2.5 h. Workup consisted ot 
concentration in vacuo. The crude product was purified by recrystallization 
from MeOH to yield 950 mg of Example 327 as a white solid. MP 217.0-220.0 °C 




Example 328 (racemate) 

Example 328: 

To a suspension of 4-Oxo-4-(4'-chloro-4-biphenyl)but-2-enoic acid, 
Example 29 (1.01 g, 3.53 mmol) in MeOH (5 mL) at -78 °C, was added excess 
butadiene for 30 min, and followed by addition of DMF (5 mL). The reaction 
mixture was refluxed under argon for a total of 72 h. Workup consisted of 
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dilution with EtOAc (15 mU addition of water (15 mU and extraction of the 
aqueous layer with EtOAc(3 x 15 mL). The combined organic layers were 
washed with sat. NaCl, dried over MgS0 4 , and concentrated in vacuo The 
crude product was purified by chromatography (EtOAc/hexane) to yield 140 
mg of Example 328 as a white solid. MP 185.0-186.0 C 



25 




Example 329 (racemate) 



Example 329: . . 

To a Suspension of 4-Oxo-4-(4'-chloro-4-biphenyl)but-2-eno 1 c acid. 

Example 29 (1.208 g, 4.21 mmol) in MeOH (5 mL) at room temperature, was 
added isoprene (2.87 g, 4.21 mL, 42.1 mmol). The reaction mixture was 
refluxed under argon overnight. Workup consisted of concentration m 
vacuo. The crude product was purified by chromatography (EtOAc/hexane) 
15 and recrystallization (three times) to yield 20 mg of Example 329 as a wlute 
solid. MP 174.0-177.0 °C. 



CI 




Example 330 (racemate) 

20 Fvample 330: 



To a solution of 40xo^-(4'-chlorcHl-biphenyl)but-2- e noic acid Example 

29 (1.123 g, 3.915 mmol) in THF (7 mL) at room temperature, was added 15 eq 

1,3-cyclohexadiene (1.87 mL, 19.577 mmol). The reaction mixture was stirred 

under refluxed for 18 h. Workup consisted of concentration m vacuo. The 

crude product was purified by HPLC to provide the 

330 (570 mg, 40%) as a white solid containing two isomers. MP 174-1/6 
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Example 331 (racemate) 

Fyample 331: 

The mixture of Example 330 (299 mg, 0.815 mmol) and p-Toluene- 
5 sulfono hydrazide (1.5 g, 8.15 mmol) was dissolved in dimethoxyethane (20 
mL), and allowed to warm to reflux. A solution of sodium acetate (1.0 g, 12.2 
mmol) in water (16 mL) was added over a period of 4 h. The reaction mixture 
was cooled to room temperature, poured into water (120 mL), and extracted 
with CH2CI2 (4 x 70 mL). The combined organic layers were washed with 150 
0 mL water, dried over MgS04 and concentrated in vacuo. The crude product 
was purified by HPLC to provide the desired product Example 331 (85 mg, 
28%). MP 191-193 °C. 



Example 332; 

5 A dry dichloromethane (10 mL) solution of 4-chlorobi phenyl (0.76 g, 4 

mmol) and 3-methylglutaric anhydride (0.52 g, 4 mmol) in a 50-mL flask was 
chilled using an ice bath. Solid aluminum chloride (1.1 g, 8 mmol) was 
cautiously added over several minutes. The reaction mixture was stirred for 
20 h while warming to room temperature. After 20 h, the reaction mixture 

:0 was re-cooled with an ice bath and quenched with 10% HC1 (10 mL). The 
layers were separated and the aqueous phase was back-extracted with 
dichloromethane (2 x 10 mL). The combined organic portions were washed 
with brine (25 mL), dried (Na2S04), and concentrated in vacuo. The resulting 
yellow-white solid was recrystallized (ethyl acetate-hexane) to afford white 

5 microcrystals of Example 332. MP 140.5 - 142.5 °C. 

The above method for the preparation of Example 332 was used to 
prepare the following biphenyl containing products (TABLE XXIII). 
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TABLE XXm 



OR 6 aR 6 bQ 




ex. 


R 6 a 


R^b 


isomer 


332a 


H 


Me 


R, S 


333* 


H 


H 




334 


Me 


Me 




335 


Et 


Me 


R, S 



m.p.(°C)/other characterization 



a Reference compound. 



140.5 - 142.5 
174-176 
152-154.5 
130.0 - 131.0 



10 



15 




\ 

Example 336 

Example 33fr 

This compound was prepared in a similar manner to Example 1, except 
that 3,3-tetramethyleneglutaric anhydride was used instead of dihydro-3-(2- 
methylpropyl)-2,5-furandione. MP 139-140 C. 




20 



Example 337 

Ficample 337: 

This compound was prepared in a similar manner to Example 1, except 
that 2,2-dimethylglutaric anhydride was used instead of dihydro-3-(2- 
methylpropyl)-2,5-furandione. The crude product was purified via flash 
column chromatography (gradient elution, dichloromethane to 
dichloromethane-methanol (99.5:0.5)) followed by recrystallization (ethyl 
acetate-hexane) to provide white microcrystals of Example 337. MP 163.5-164.0 
°C. 
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Example 338; 



HO 




OH 



Step 1 To a 25-mL round-bottomed flask was added diethyl isobutyl malonate 
(2.82 g, 13 mmol), t-butanol (8.6 mL), and 30 % methanolic KOH solution (0.25 
5 mL, 1.3 mmol). Acrylonitrile (0.86 mL, 13 mmol) was added via syringe and 
the reaction mixture was heated to 33 °C using an oil bath. After stirring for 3 
h under inert atmosphere the reaction mixture was quenched with 2M HC1 (1 
mL) and diluted with distilled water (15 mL) and ether (20 mL). The separated 
aqueous phase was back-extracted with ether (2 x 20 mL). The combined 

10 organic portions were dried (Na2S04) and concentrated in vacuo to afford an 
oil with solid precipitate (3.42 g). This crude material was used in the next step 
without purification. A portion of the crude oil and solid (1.5 g) was dissolved 
in 48 % HBr (6 mL). The solution was held at reflux under inert atmosphere 
for 24.5 h after which the solution was concentrated almost to dryness. The 

15 residue was partitioned between distilled water (20 mL) and ether (20 mL). 
The separated aqueous layer was back-extracted with ether (2 x 20 mL). The 
combined organic portions were then dried and concentrated in vacuo to yield 
an oily residue (1.5 g). ^H-NMR indicated reaction completion, so the 
remaining crude nitrile diester (1.9 g) was subjected to the above hydrolytic 

20 conditions to provide an additional amount of the crude substituted glutaric 
acid (1.5 g). The crude lots were combined (3.0 g total) and purified via flash 
column chromatography [gradient elution, dichloromethane to 
dichloromethane-methanol (98:2)] to afford the desired compound as a white 
solid (1.64 g, 69 %). *H NMR (DMSO-d6> d 0.83 (dd, J = 6.6 Hz, 2.9 Hz, 6H), 1.16 



25 (m, 1H), 1.36 - 1.56 (m, 2H), 1.61 (q, J = 7.4 Hz, 2H), 2.17 (m, 2H), 2.28 (m, 1H), 
12.11 (s, 2H). 



Step 2 To a 100-mL round-bottomed flask was added the product of step 1 (1.62 
30 g, 8.6 mmol) and acetic anhydride (10 mL). The reaction mixture was held at 
reflux for 2 h, and then cooled to room temperature. Volatiles were removed 
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20 



via vacuum distillation (0.1 Torr, 20-60 °C). The crude product was dried 
under vacuum (0.1 Torr) at 80 °C for 14 h to yield the desired compound as a 
brown oil which was used without further purification (1.15 g, 79 %). IR (neat) 
1805,1762 cm" 1 . 



a 




Example 338 

Step 3 - Preparation of Example 338. From 2-isobutylglutaric anhydride rather 
than 3-methylglutaric anhydride and using the general procedure of Example 
10 334. The crude product was purified via flash column chromatography 
[gradient elution, dichloromethane to dichloromethane-methanol (98.5:1.5)] 
followed by recrystallization (ethyl acetate-hexane) to provide white 
microcrystals of Example338. MP 129.0-130.5 °C. 



15 Example 339; 



ho 



Step 1 To a 100-mL round-bottomed flask was added 1,1-cyclohexanediacetic 
acid (2.03 g, 9.99 mmol) and acetic anhydride (11.6 mL). The reaction mixture 
was held at reflux for 2 h, and then cooled to room temperature. Volatiles 
were removed via vacuum distillation (0.1 Torr, 20-60 °C). The resulting 
crude product was dried under vacuum (0.1 Torr) at 80 °C for 14 h to yield the 
desired compound as a white solid which was used without further 
purification (1.75 g, 96 %). IR (neat) 1813, 1770 cm" 1 . 



25 
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Example 339 

Step 2 - Preparation of Example 339. From 3,3- P entamethyleneglutaric 
anhydride rather than 3-methylglutaric anhydride and using the general 
Procedure of Example 332. T*e crude product was purified 1 via flash column 
chromatography (gradient elation, dichloromethane to ^hlorome^ane- 
methanol (97:3)) followed by recrystallization (emyUcetate-hexane) to provule 
white microcrystals of Example 339. MP 129.0-131.5 C 



10 f yample 340; 

O 

S„p , A spatuia «p m o, p-,0— rue at* 

a solution of 3-bromoproptomc acid (20.49 g. 0.134 mou ana » y 

-15 7 g. 0.145 mol) in benzene (150 mU. A Dean-Stark trap was fitted >o 
Ihe'reaclion vessel and .he solution was held a. reflux with overnight surnng 
After ,6 h a, reflux, the reaction was cooled washed 

bicarbonate, dried <Na 2 S0 4 >, and concentra.ed to an o.l (28.78 g). Fracnonal 
distillation a. reduced pressure (0.18 torr) gave the desired product as a 
colorless liquid (18.49 g. 56%) boiling in the range 99 ■ 109 C. 



15 



20 



25 




Step 2 A dry dichloromethane (50 mU solution of 4-chlorobtphenyl 337 g. 
8.9 mmol, and cydopen.anecarbo.yl chloride (2.6 g, 18.9 mmol in a lO^mL 
flask was chflled using an ice bath. Solid aluminum ch.or.de (5 g 377 rnmoO 
was cauttously added over several minutes. The reacbon » " M 
Tor 6 h while warming to room temperature. After . h, the reason mixture 
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was re-cooled with an ice bath and quenched with 10% HC1 (50 mL). The 
layers were separated and the aqueous phase was back-extracted with 
dichloromethane (2 x 50 mL). The combined organic portions were washed 
with brine (100 mL), dried (Na2S04), and concentrated in vacuo. The 
resulting yellow solid was used without further purification (5.5 g, 100 %). 
TLC (hexane-ethyl acetate, 3:1): Rf 0.22. 



10 




Step 3 n-Butyl lithium (2.64 M in hexanes, 0.8 mL, 2.16 mmol) was added 
dropwise to freshly distilled diisopropylamine (0.3 mL, 0.22 g, 2.16 mmol) in 
anhydrous tetrahydrofuran (4 mL) at 0 °C and under an argon atmosphere. 
The solution was stirred for 30 minutes and then cooled to -70 °C. A solution 
of the product from step 2 (0.59 g, 2.06 mmol) in tetrahydrofuran (1 mL, with 
0.5 mL rinse) was added via syringe over 20 minutes. Stirring was continued 
15 for 75 minutes at -70 °C. A solution of benzyl-3-bromopropionate from step 1 
(0.50 g, 2.06 mmol) in tetrahydrofuran (1 mL, with 0.5 mL rinse) was added via 
syringe over 20 minutes. The reaction stirred at -70 °C for 1 h and was then 
warmed slowly to room temperature overnight. After 14.25 h of stirring 
under inert atmosphere, the reaction mixture was quenched with 10 % HC1 
20 (10 mL) after dilution with ether (25 mL) and dichloromethane (15 mL). The 
separated organics were then washed sequentially with 10 r< HCI (10 mL), 
saturated sodium bicarbonate (2 x 10 mL), and brine (2 x 10 mL). The 
combined aqueous washes were then back-extracted with dichloromethane (10 
mL). The combined organic phases were dried (Na2S04) and concentrated in 
25 vacuo to yield an orange-yellow residue which was purified via flash column 
chromatography [gradient elution, hexane-dichloromethane (1:1) to hexane- 
dichloromethane (2:3)] to afford the desired product as an off-white solid (0.18 
g, 20 %). TLC (hexane-dichloromethane, 1:1): Rf 0.45. 



142 



WO 96/15096 



PCT/US95/14002 




10 



Example 340 

Step 4 - Preparation of Example 340. To a solution of the benzyl ester from 
step 3 (0.14 g, 0.31 mmol) in absolute ethanol (0.62 mL) was added a solution of 
aqueous sodium hydroxide (1M, 0.46 mL, 0.46 mmol). After stirring for three 
hours, the reaction mixture was diluted with ethyl acetate (10 mL) and 
distilled water (10 mL). The separated aqueous layer was acidified to pH ~1 
with concentrated HC1 and was extracted with ethyl acetate (2 x 10 mL). 
Extractions were combined, dried (Na 2 S0 4 ), and concentrated in vacuo to 
provide the product (0.08 g, 73 %). MP 161.0-164.0 °C. 



Sample 341: 



15 



20 




25 



Step 1 A dry 1,2-dichloroethane (300 mL) solution of 4-chlorobiphenyl (22.64 
g 120 mmol) and acetyl chloride (9.6 g, 120 mmol) in a 500-mL flask was 
chilled using an ice bath. Solid aluminum chloride (17.8 g, 132 mmol) was 
cautiously added over ten minutes. The reaction mixture was stirred for 20 h 
while warming to room temperature. After 20 h, the ^ 
quenched by slowly adding it to a stirred chilled solution of 10% HC1 (300 mL). 
Ethyl acetate (200 mL) was added to help dissolve solids. The layers were 
separated and the aqueous phase was back-extracted with ethyls ace ate W 
ml). The combined organic portions were washed with brine (300 mL dried 
(Na 2 S04), and concentrated in vacuo. The resulting yellow-white sohd was 
recrystallized (ethyl acetate-hexane) to provide multiple, aystaltine crops of 
the desired ketone (25.66 g, 93 %>. TLC (hexane-dichloromethane, 2.1). Rf 0.61. 
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Step 2 A dry 100-mL round-bottomed flask was charged with a suspension of 
sodium hydride (0.24 g of 95 % NaH, -9.1 mmol) in dry N,N- 
dimethylformamide (43 mL) and was cooled to 0 °C A solution of 4-(4'- 
5 chlorobiphenyDmethylketone from step 1 (2.0 g, 8.67 mmol) in N,N- 
dimethylformamide (7 mL) was then added via syringe over 15 minutes and 
stirring was continued for one hour at 0 °C under inert atmosphere. A 
solution of di-tert-butyl methylenemalonate (1.98 g, 8.67 mmol) (This 
compound was prepared and purified according to literature precedent: 

10 Roberts, et.al., /. Org. Chem, 1983, 48, 3603) in N,N-dimethylformamide (5 mL) 
was added via syringe over 15 minutes. After stirring for 15.5 h with gradual 
wanning to room temperature, the reaction mixture was diluted with ether 
(350 mL) and quenched with 10 % HC1 (550 mL). The separated aqueous layer 
was then back-extracted with ether (100 mL). The combined organics were 

15 washed with brine (2 x 500 mL). Again, the combined aqueous phases were 
back-extracted with ether (100 mL). The combined organic phases were dried 
(Na2S04) and concentrated in vacuo to yield an orange solid which was 
purified initially via recrystallization (hexane) to give white fluffy crystals of 
the desired product (1.64 g). A significant amount of the desired compound 

20 remained in the mother liquors and was purified via flash column 
chromatography [gradient elution, hexane-dichloromethane (1:1) to 
dichloromethane-methanol (98:2)] to provide additional desired material as 
an off-white solid (0.47 g, total 2.11 g, 53 %). TLC (hexane-ethyl acetate, 9:1): Rf 
0.43. 

25 
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00 2 tBu 
C0 2 tBu 



Step 3 A dry 25-mL round-bottomed flask was charged with a suspension off 
sodium methoxide (0.26 g of 95 % NaOMe, -4.75 nunol) and the pure product 
from step 2 (2.0 g, 4.36 mmol) in dry dimethoxyethane (4.7 mL). 

5 Simultaneously, a dry dimethoxyethane (13.5 mU suspension , off 1-br omo-3- 
phenylpropane (0.67 mL, 0.87 g, 4.36 mmol) and sodium iodide (0.66 g, 4.36 
mmol) was formed in a 50-mL round-bottomed flask. After stirring 40 
minutes under inert atmosphere, the orange enolate suspension was added 
via syringe over 10 minutes to the yellow bromide-iodide suspension. After 40 

10 h of stirring, the reaction was not complete as judged by TLC. Additiona 
sodium methoxide (0.13 g, 2.38 mmol) and l-bromo-3-phenylpropane (0.33 
mL, 0.44 g, 2.18 mmol) were added. After 24 h of stirring, the reaction mixture 
was concentrated to dryness. The residue was dissolved in ethyl acetate (50 
mL) and quenched with 10 % HC1 (50 mL). The separated orgamcs were 

15 washed with 10 % HC1 (50 mL). Combined aqueous phases were back- 
extracted with dichloromethane (50 mL). Combined organic phases were 
dried (Na 2 S0 4 ) and concentrated in vacuo to yield an orange o.l which *as 
purified via flash column chromatography igradient elution. hexane to 
Lane-ethyl acetate (19:1)] to afford the desired product as an off-white solid 

20 (1.66 g, 66%). MS (FAB-LSIMS) 577 (M+H) + - 



25 




Step 4 A dichloromethane (10 mL) solution of the product from step 3 
<1?6 g, 2.88 mmol), anisole (7.81 mL, 7.77 g, 71.90 mmol), and 
acid (2.22 mL, 3.28 g, 28.76 mmol) was stirred for 55 h m a 5*mL round 
bottomed flask. The reaction mixture was partitioned between ether (50 mL) 
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and brine (50 mL). Some distilled water was added to solubilize precipitating 
salts. The organic phase was separated, dried (Na2SC>4), and concentrated in 
vacuo to yield a white-pink solid which was purified via flash column 
chromatography [gradient elution, ethyl acetate-hexane-acetic acid (25:74:1) to 
5 ethyl acetate-hexane-acetic acid (49:50:1)] to afford the desired product as an 
off-white solid (0.53 g, 39 %). MP 168.5 - 170.0 °C 



Step 5 - Preparation of Example 341. A 1,4-dioxane (7.5 mL) solution of the 
diacid from step 4 (0.4 g, 0.86 mmol) was held at reflux for 44 h with stirring 
under inert atmosphere. The reaction mixture was then concentrated to 
dryness and purified via flash column chromatography [ethyl acetate-hexane- 



15 acetic acid (24:75:1)1 to afford the title compound as a white solid (0.25 g, 69 %). 
MP 97.0-98.5 °C. 

Example 342 



20 Step 1 A dry dichloromethane (93.5 mL) solution of 4-chlorobiphenyl (7.06 g, 
37.4 mmol) and g-methylvaleroyl chloride (5.0 g, 37.4 mmol) in a 250-mL flask 
was chilled using an ice bath. Solid aluminum chloride (9.97 g, 74.8 mmol) 
was cautiously added over ten minutes. Stirring was continued for 23 h while 
wanning slowly to room temperature. The reaction mixture was quenched by 

25 slowly adding it to a stirred chilled solution of 10% HC1 (100 mL). The layers 
were separated and the aqueous phase was back-extracted with 
dichloromethane (2 x 50 mL). The combined organic portions (cloudy) were 
washed with brine (50 mL), dried (Na2S04), and filtered. Dilution with 




OH 



Example 341 
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dichloromethane (100 mL) and finally ethyl acetate (100 mL) clarified the 
solution which was re-dried (Na2SC»4) and concentrated in vacuo to produce a 
yellow solid (10.33 g). A portion of this crude product (2.97 g) was purified via 
flash column chromatography [dichloromethane-hexane (2:3)] to yield the 
5 desired product as a pale-yellow solid (2.54 g, 82 %). TLC (hexane-ethyl acetate, 
9:1): Rf 0.54. 



10 



15 



20 



25 




C0 2 t-Bu 
C0 2 t-Bu 



Step 2 A dry 25-mL round-bottomed flask was charged with a suspension of 
sodium hydride (0.044 g of 95 % NaH, -1.74 mmol) in dry N,N- 
dimethylformamide (7.9 mL) and was cooled to 0 °C. Solid ketone from step 1 
(0.5 g, 1.74 mmol) was cautiously added to the suspension and stirring was 
continued for one hour at 0 °C under inert atmosphere. A solution of di-tert- 
butyl methylenemalonate from Example 341 step 2 (0.4 g, 1.74 mmol) in N,N- 
dimethylformamide (3 mL) was added via syringe over 15 minutes. After 
stirring for 19 h with gradual warming to room temperature, the reaction 
mixture was diluted with ether (70 mL) and quenched with 10 % HC1 (120 
mL). The separated organic phase was washed with brine (2 x 100 mL), dried 
(Na2S04), and concentrated in vacuo to yield a yellow oil. The crude product 
was purified via flash column chromatography (gradient elution, hexane- 
dichloromethane (3:1) to hexane-dichloromethane (1:2)) to afford the desired 
compound in two fractions, the first slightly contaminated with high Rf spots 
(0.36 g, 40 %), and the second pure by TLC (0.22 g, 24 % (total 64 %)). TLC 
(hexane-dichloromethane, 1:2): Rf 0.20. 




Step 3 The two fractions of product from step 2 were reacted separately in this 
step. The order of parenthetical notations of stoichiometry refer to the first 
fraction and the second fraction respectively. Dichloromethane (4.6 mL and 
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2.9 mL) solutions of each fraction of the product from step 2 (0.36 g, 0.7 mmol 
and 0.22 g, 0.43 mmol ), anisole (1.9 mL, 1.9 g, 17.5 mmol and 1.17 mL, 1.16 g, 
10.75 mmol), and trifluoroacetic acid (0.54 mL, 0.8 g, 7.0 mmol and 0.33 mL, 
0.49g, 4.3 mmol) were formed in separate 25-mL round-bottomed flasks. After 

5 stirring under inert atmosphere for 22 h, both reaction mixtures were 
separately partitioned between ethyl acetate (20 mL) and brine (20 mL). Some 
distilled water was added to solubilize precipitated salts. Each organic phase 
was separated, then the two fractions were combined, washed with distilled 
water (2 x 15 mL), dried (Na2SC>4), and concentrated in vacuo to yield a faint 

10 pink oil which was purified via flash column chromatography [gradient 
elution, ethyl acetate-hexane-acetic acid (25:74:1) to ethyl acetate-hexane-acetic 
acid (49:50:1)] to yield fractions whose *H-NMRs indicated that the reaction 
had not gone to completion. The fractions were recombined and resubjected 
to the reaction conditions for 16 h. When the reaction was complete as 

15 indicated by TLC, the reaction mixture was worked-up and chromatographed 
using the same conditions described above to afford the desired diacid as an 
off-white solid (0.2 g, 44 %). TLC (chloroform-methanol, 9:1 with trace 
amount of acetic acid): Rf 0.17. 



20 




Example 342 

Step 4 - Preparation of Example 342. A 1,4-dioxane (9.1 mL) solution of diacid 
from step 3 (0.2 g, 0.5 mmol) was held at reflux for 15 h with stirring under 
inert atmosphere. The reaction mixture was then concentrated to dryness and 
25 purified via flash column chromatography (dichloromethane-methanol 
(99:1)) to afford the title compound as a white solid (0.11 g, 61 %). MP 102.0- 
103.0 °C. 
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Example 343; 



10 



15 



20 



CI 




Step 1 Bromine (5.6 mL, 17.3 g, 108.35 mmol) was added to a solution of 
sodium hydroxide (15.2 g, 379 mmol) in distilled water (75.8 mL) at 0 °C and 
was stirred for 15 minutes. To this reagent mixture was added a solution of 4- 
(4'-chlorobiphenyl)methylketone from the Example 341 preparation step 1 (5.0 
g, 21.67 mmol) in 1,4-dioxane (54.2 mL). The reaction mixture was heated for 
18 h at 40 °C using an oil bath and was cooled to room temperature. A 
solution of sodium thiosulfate pentahydrate (21.5 g, 86.68 mmol) in distilled 
water (60 mL) was added to the reaction mixture to quench the remaining 
bromoform. The mixture was acidified to pH ~1 with concentrated HC1 (-25 
mL) causing foaming. The solids which precipitated were isolated via 
filtration and recrystallized (ethyl acetate) to provide multiple, crystalline 
crops of the tide compound (4.44 g, 88 %). MP 286.0-288.0 °C. 




a* 

Step 2 A dry dichloromethane (66 mL) solution of 4-(4- 
chlorobiphenyDcarboxylic acid from step 1 (3.7 g, 15.9 mmol), N,0- 
dimethylhydroxylamine hydrochloride (2.34 g, 23.85 mmol), and 1- 
hydroxybenzotriazole (2.36 g, 17.49 mmol) in a 100-mL round-bottomed flask 
was chilled using an ice bath and stirred for a few minutes. N- 
methylmorpholine (2.62 mL, 2.41 g, 23.85 mmol) was added quickly via 
syringe followed by solid l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (3.36 
g, 17.49 mmol). The reaction mixture was stirred for several hours at 0 C 
25 under inert atmosphere. Stirring was continued while warming to room 
temperature overnight. After a total of 23 h of stirring, the reaction was 
incomplete as judged by TLC. Dry N,N-dimethylformamide (2 mL) was added 
at 0 °C to clarify the reaction mixture. TLC after 1 h showed no further 
conversion, so additional reagents were added tN,0-dimethylhydroxylamine 
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hydrochloride (0.46 g), 1-hydroxybenzotriazole (0.47 g), N-methylmorpholine 
(0.52 mL), and l^thyl-3-(3-dimethylaminopropyl)carbodiimide (0.66 g)] at 0 C. 
TLC after 3 h indicated complete conversion so the reaction mixture was 
diluted with dichloromethane (200 mL) and washed sequentially with 

5 saturated sodium bicarbonate (2 x 100 mL), 10 % HC1 (100 mL), and saturated 
sodium bicarbonate (100 mL). The combined aqueous portions were back- 
extracted with ether (50 mL). The combined organic phases were dried 
(Na2S04) and concentrated in vacuo to yield an orange solid which was 
purified via flash column chromatography (gradient elution, 

10 dichloromethane to dichloromethane-methanol (99.5:0.5)) to afford the 
desired product as a white solid (3.89 g, 89 %). MS (FAB-LSIMS) 276 [M+HJ+. 




a* 

Step 3 n-Butyl lithium (2.64 M in hexanes, 10.2 mL, 26.98 mmol) was added 

15 dropwise to freshly distilled diisopropylamine (3.78 mL, 2.73 g, 26.98 mmol) m 
anhydrous tetrahydrofuran (50 mL) at -40 °C and under an argon^atmosphere. 
The solution was stirred for 25 minutes with warming to -20 °C and then 
cooled to -40 °C. A solution of 5-phenylvaleric acid (2.40 g, 13.49 mmol) in 
tetrahvdrofuran (4 mL, with 1 mL rinse) was added via syringe over 7 minutes 

20 causing precipitation of a solid. The stirred solution was heated at 50 C for 2 
h and was then re-cooled to -40 °C A solution of the product trom step 2 (31 
g 11 24 mmol) in tetrahvdrofuran (4 mL, with 1 mL rinse) was added via 
syringe over 8 minutes. The reaction stirred at -40 °C for 3 h and was then 
quenched by cautious decanting into 10 % HC1 (50 mL). The mixture was 

25 extracted with ether (150 mL). The separated aqueous phase was back-extracted 
with ethyl acetate (2 x 50 mL). The combined organic phases were washed 
with brine (75 mL), dried (Na 2 S0 4 ), and concentrated in vacuo to provide an 
orange solid which was then purified via flash column chromatography 
(gradient elution, hexane-dichloromethane (3:1) to hexane-dichloromethane 

30 (3:2)) to afford the desired product as a yellow-white solid (1.80 g, 46 %). MS 
(FAB-LSIMS) 349 [M+H1+. 
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C0 2 t-Bu 
CX> 2 tBu 



Step 4 A dry 50-mL round-bottomed flask was charged with a suspension of 
sodium hydride (0.15 g of 95 % NaH, -5.8 mmol) in dry N,N- 
dimethylformamide (20 mL) and was cooled to 0 °C A solution of the ketone 
product from step 3 (1.93 g, 5.53 mmol) in N,N-dimethylformamide (10 mL) 
was added via syringe over 10 minutes. Stirring was continued for one hour 
at 0 °C under inert atmosphere. A solution of the di-tert-butyl 
methylenemalonate from the Example 341 preparation step 2 (1.26 g, 5.53 
mmol) in N,N-dimethyl-formamide (3 mL) was added via syringe over 4 
minutes to the dark orange reaction mixture. After stirring for 15 h with 
gradual warming to room temperature, the reaction mixture was diluted with 
ether (300 mL) and quenched with 10 % HC1 (500 mL). The separated organic 
phase was washed with brine (2 x 500 mL), dried (Na 2 S0 4 ), and concentrated 
15 in vacuo to yield a yellow oil which was purified via flash column 
chromatography [gradient elution, hexane-dichloromethane (4:1) to hexane- 
dichloromethane (1:1)1 to yield the desired material as an off-white solid (2.13 
g, 67 %). MS (FAB-LSIMS) 577 (M+H] + . 




Example 343 

Step 5 - Preparation of Example 343. A dichloromethane (15 mL) solution of 
the product from step 4 (2.1 g, 3.64 mmol), anisole (9.9 mL, 91 mmol), and 
trifluoroacetic acid (2.8 mL, 36.4 mmol) was stirred in a 50-mL round- 
25 bottomed flask. After 72 h, the reaction had not gone to completion. 
Additional trifluoroacetic acid (5 mL, 65 mmol) was added. After stirring for 
an additional 4.5 h the reaction mixture was partitioned between ethyl acetate 
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(75 mL) and brine (75 mL). Some distilled water was added to solubilize 
precipitated salts. The organic phase was separated, dried (Na 2 S0 4 ), and 
concentrated in vacuo to yield an orange-brown oil which was purified via 
flash column chromatography [gradient elution, ethyl acetate-hexane-acetic 

5 acid (25:74:1) to ethyl acetate-hexane-acetic acid (49:50:1)] to afford the desired 
diacid plus decarboxylated compound (after vacuum oven drying) as a white 
solid (1.35 g, -80 %, MP 45.0 - 51.0 °C (dec.)): TLC (chloroform-methanol, 9:1 
with trace amount of acetic acid): Rf 0.34. A 1,4-dioxane (18 mL) solution of a 
portion of the partially converted diacid (1.0 g, -2.15 mmol) was held at reflux 

10 for 20 h with stirring under inert atmosphere. The reaction mixture was then 
concentrated to dryness and purified via flash column chromatography (ethyl 
acetate-hexane-acetic acid (19:80:l))to afford the title compound as a dear gum 
(0.75 g, 83 %). Anal. C: calcd, 74.19; found, 73.95. H: calcd, 5.99; found, 5.82.. 



15 Example ?44; 



Br 




Step 1 A solution of p-bromobiphenyl (20.0 g, 0.0858 mol) and a-bromoacetyl 
bromide (7.5 mL, 0.0858 mol, 1.0 eq) in CH 2 C1 2 (400 mL) under argon was 
cooled to 0 °C and A1C1 3 (24.0 g, 0.180 mol, 2.1 eq) was added in four parts. The 

20 resulting dark green solution was allowed to slowly warm to room 
temperature, then stirred for 14 h. The reaction was then cooled to 0 C and 
quenched with a 10% HC1 solution (200 mL). The resulting aqueous layer was 
separated and extracted with CH 2 C1 2 (3 x 100 mL). The combined orgaruc 
layers were washed with a saturated NaCl solution (150 mL), dried 

25 MgS0 4 ) and concentrated under reduced pressure to afford a brown sohd (29.3 
g, 96%) which was used in the next step without further purification 
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,PPh 3 

XJ " 

Step 2 A slurry of the intermediate from step 1 (29.3 g, 0.0827 mol) and PPh 3 
(23.9 g, 0.0910 mol, 1.1 eq) in dry THF (400 mL) was heated at the reflux 
temperature for 14 h. The resulting solids were removed by filtration and 

5 washed with diethyl ether to give the phosphonium bromide (46.7 g, 92%). A 
mixture of the bromide (7.60 g, 1.23 mmol), CH 2 C1 2 (50 mL) and a 10% NaOH 
solution (20 mL) was vigorously stirred for 30 min. The aqueous layer was 
extracted with CH2CI2 (30 mL) and the combined organics were washed with 
H 2 0 (30 mL) and dried (anh. MgS04). The resulting solids were triturated 

10 with EtOAc to give the desired ylid as a light brown powder (5.17 g, 78%) 
which was used in the next step: TLC R/ (EtOAc) 0.55. 




o 



Step 3 To a solution of N-methylmorpholine oxide (11.4 g, 0.0973 mol, 1.40 eq) 
15 in CH2CI2 (200 mL) was added 4-phenylbutanol (10.2 mL, 0.0696 mol) and 
powdered 4A sieves (2.0 g). After stirring for 10 min, tetrapropylammonium 
perruthenate (0.218 g, 6.20 mmol. 9 mol%), and the resulting mixture was 
allowed to stir for 48 h. The reaction mixture was filtered through Florisil" 
with the aid of CH2CI2 (200 mL) and the resulting solution was washed with a 
20 saturated Na 2 S0 3 solution (200 mL), a saturated NaCl solution (200 mL), a 1M 
CUSO4 solution (200 mL) and dried (anh. MgS0 4 ). Concentration under 
reduced pressure followed by bulb-to-bulb distillation afforded the desired 
aldehyde as a colorless oil (9.3 g, 90%), which slowly oxidized on exposure to 
air. TLC R/(25% EtOAc/hexane) 0.60. 



25 
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Step 4 A mixture of compound from step 2 (12.5 g, 0.0233 mol) and compound 
from step 3 (4.13 g, 0.0280 mol, 1.5 eq) in dry THF (230 mL) were heated at the 
reflux temperature for 80 h. The resulting mixture was concentrated under 
reduced pressure, dissolved in acetone (250 mL), cooled to 0 C and treated 
dropwise with Jones reagent until all starting aldehyde was consumed as 
shown by TLC analysis. The acetone mixture was concentrated under reduced 
pressure, dissolved in EtOAc (250 mL), washed with a saturated NaHCOa 
solution (150 mL), and dried (anh. MgS0 4 ). The resulting solution was 
concentrated under reduced pressure, dissolved in CH 2 C1 2 , and filtered 
through a small pad of Si0 2 with the aid of 25% EtOAc/hexane to remove 
remaining 4-phenylbutyric acid and Ph 3 PO to afford the desired enone as a 
single diastereomer (3.85 g, 41%). Anal. Calcd for C 24 H2lBrO: C, 71.05; H, 5.22; 
O, Br; 19.71. Found: C, 70.77; H, 5.23; 0, 19.56. 




25 



Step 5 To a solution of the product from step 4 (0.405 g, 1.00 mrnol) and acetic 
acid (0.060 mL, 1.0 mrnol, 1.0 eq) in abs. EtOH (15 mL) at 35 C was slowly 
added a solution of KCN (0.130 g, 2.00 mrnol, 2.0 eq) in H 2 0 (1.2 mL). The 
mixture was stirred at 35 °C for 14 h and the resulting slurry was separated 
between CHC1 3 (50 mL) and H 2 0 (50 mL). The aqueous layer was extracted 
with CHCI3 (2 x 20 mL), and the combined organics were washed with H 2 0 (3 
x 40 mL), dried (anh. MgS0 4 ) and concentrated under reduced pressure. The 
resulting solids were recrystallized using EtOAc/hexane to afford the cyano 
product as a white powder (0.252 g, 58%). MP 139-141 °C 
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Example 344 

Step 6 - Preparation of Example 344. A mixture of the product of step 5 and 
trimethyltin azide (0.180 g, 0.874 mmol, 2.00 equiv.) in toluene (25 mL) was 
5 heated at 105 °C for 60 h, after which volatiles were removed at 105 °C to 
afford the trimethylstannyl tetrazole as a single compound. The foamy brown 
solids were redissolved in toluene (10 mL) and treated with HC1 (4.0 M in 
dioxane, 0.33 mL, 1.32 mmol, 3.02 eq). The resulting mixture was stirred at 
room temperature for 14 h, then separated between EtOAc (50 mL) and H2O 
10 (50 mL). The organic phase was washed with H2O (2 x 50 mL) and a saturated 
NaCl solution (2 x 50 mL) and concentrated to give the desired tetrazole as a 
yellow solid (0.211 g, 100%). MP 175-180 °C (dec). 



Example 315; 

EtO x 

P-OSiMe 3 

15 Et ° 

Step 1 To a mixture of diethyl phosphite (2.8 mL, 0.0217 mol) and 

triethylamine (9 mL, 0.065 mol 3.0 eq) in dry diethyl ether (250 mL) at 0 °C was 

slowly added freshly distilled trimethylsilyl chloride (3.3 mL, 0,0260 mol, 1.2 

eq) via syringe. The resulting slurry was allowed to slowly warm to room 

20 temperature, and was then warmed to 45 °C for 14 h. Volatiles were removed 
by distillation using a 55 °C oil bath. The resulting mixture was diluted with 
pentane (150 mL), filtered to remove triethylammonium salts, and 
concentrated at atmospheric pressure using a 55 °C oil bath. Distillation of the 
resulting oil gave diethyl trimethylsilyl phosphite as a colorless oil (3.64 g, 

25 80%). BP 60 °C (5 mmHg). 
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Step 2 A slurry of product from step 4 of the Example 344 preparation (0200 g, 
490 mtolHnd dihyl trimethylsilyl phosphite (0.105 g. 0 490 mmo I .0 £ 
fa dryNMR tube under argon was dissolved using a 50 C somcator ^th 
then hTated at 50 °C for 14 h. This was concentrated under ^pressure 
and treated with an additional portion of diethyl trimethylsuyl phosphite (OS 
mU and heated at 50 °C for 24 h. The reaction mixture was concentrated 

dissolved in CDC1 3 (which apparently cleaved the 
sil yl enol ether)' concentrated under 1 mmHg at 50 "C for 3 to afford* 
above diethyl ester as a viscous, slightly yellow ou (0.23 g, 95%). Anal. Calcd 
for C 2 8H32Br0 4 P- C, 61.83; H, 5.94. Found: C, 62.05; H, 6.11. 




Example 345 



20 



temperature for 14 h. ine resulting »u „ fl0 L) 

acid (0.150 g, 63%). MP 150-152 C. 
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Example 346 

Example 346; 

5 A dry dichloromethane (3 mL) solution of Example 1 (0.25 g, 0.725 

mmol), proline N-methyl amide hydrochloride (0.48 g, 2.90 mmol), and 1- 
hydroxybenzotriazole (0.10 g, 0.725 mmol) in a 10-mL round-bottomed flask 
was chilled using an ice bath and stirred for a few minutes. N- 
methylmorpholine (0.32 mL, 0.29 g, 2.90 mmol) was added quickly via syringe 

10 followed by solid l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (0.146 g, 0.76 
mmol). The reaction mixture was stirred under argon for several hours at 0 
°C and was then warmed to room temperature overnight. The reaction 
mixture was then diluted with chloroform (30 mL) and washed with 10% HC1 
(10 mL). The separated aqueous layer was back-extracted with chloroform (5 

15 mL). The combined organic portions were washed with saturated NaHC03 
(10 mL), dried (Na2S04), and concentrated in vacuo. The crude oil was 
purified via flash column chromatography [dichloromethane-methanol (98:2)] 
to provide the title compound as a white solid (0.26 g, 79%). MP 75.5-78.0 °C. 

20 Example 347; 




Step 1 A solution of 2,4'-dibromoacetophenone (0.62 g, 2.19 mmoles) and 
acetamide (0.20 g, 3.32 mmoles) in 6 mL of toluene was refluxed for 3 d. The 
solvent was removed at reduced pressure and the residue was 
25 chromatographed with 0-30% ethyl acetate in hexanes to afford 0.20 mg (38%) 
of product as a white solid. TLC (methylene chloride) Rf 0.42. 




SnMe 3 
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Step , A sofudon o, MH. ^Sl^^^ 
mU was added to a steed suspens.cn of smaU cubes of me 

bottom flask The ml ~ a ^ was ^ via syri nge into a cooled 
5 ^T^^Z^T^ of the product of step 1 (0.8 g, 
round bottom ^ nature was then allowed to warm 

3.36 mmol) in DIME (4 mL). The reacu ^ 
and stir at room temperature overnight. At ttus tune 
oriwl acetate washed with water, brine, and dried over Mgsu 4 
ethyl acetate, wasn hexanes to afford 

„ produc, was chromatographed 

0.76 g (70%) of product as an oil. TLC (hexanes j 

-0-CX£ 

PdCl 2 (PPh3)2 (0.078 g. 0.14 mmol) m Wf d f r0 ^T " , and maei . 

- ^.trrX^r—sraphed - 

20 (FAB) ca!co. for C20H26NO4 IM+H1* 344.18618, Found 344.18600. 

°^ COjH 

Example 347 

* c ^47 The product of step 3 (56 mg, 0.16 mmol) 

Step 4 - Preparation of Exampl ^'^HZ with 4N NaOH (0.4 mL). The 

25 was suspended in ethanol (1.3 mL) and treateo 

mix ture was stirred at room temperature overnight Th eac 

was then quenched with 2N HC1, diluted dried L 

were separated. The organic layer was washed •* bnne a ^ 

M K S04 The product was chromatographed with 0 12% 

Mg3U4 r . of Example 248 as a solid. MP izu 

30 methylene chloride to afford 40 mg (78%) ot txamp 
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Example 348 

Extunpte 348; 

The procedure was analogous to that of Example 347 except 
5 thioacetamide was used instead of acetamide. HRMS (FAB) calcd. for 
C18H22NO3S [M+HJ+ 33213204, Found 332.13287. 

* 

E*«npte 349; 

ci- 
10 Step 1 A solution of 2-acetyl-5-bromothiophene (0.55 g, 2.64 mmoles) in 
toluene (5 mL) was treated with Pd(PPh3>4 and allowed to stir at room 
temperature for 30 min at which time 4-chlorobenzeneboronic acid (0.46 g, 
2.91 mmol) and NaOMe in MeOH (1.21 mL, 25% wt, 5.29 mmol) were added. 
The reaction mixture was then refluxed for 4 h. The mixture was cooled to 
15 room temperature and 2N NaOH (3 mL) was added and stirring was 
continued for another 2 h. The mixture was then diluted with methylene 
chloride, washed with brine and dried over MgS04. The crude product was 
chromatographed with 0-30% ethyl acetate in hexanes to afford 0.51 g (82%) of 
product. TLC (hexanes - 10% ethyl acetate) Rf 0.24. 

20 

Step 2 The product of step 1 (0.51 g, 2.17 mmol) was dissolved in THF (10 mL), 
cooled to 0 °C, and treated with phenyltrimethyl-ammonium tribromide (0.84 
g, 2.17 mmol). The reaction mixture was then stirred at room temperature for 
25 5 h. The mixture was quenched with H2O and extracted with ethyl acetate (2 x 
15 mL). The extracts were washed with brine and dried over MgS04 to afford 
0.62 g (91%) crystallized from ether / hexanes. TLC (hexanes - 10% ethyl 
acetate) Rf 0.27. 
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Step 3 A solution of S-phenyi-propyl diedty. malona.e M » »^» * 
T,S (10 mL) was rre..ed with N.H (0.068 g. 2.81 tnmoU under • 

ethyl a«.».= in hexanes tt. afford 0.63 g of product. TLC (.hexanes - 20% ethyl 



10 acetate) Rf 0.39. 



15 



20 



25 




Step 4 A solution of the product of step 3 (0.63 g, 1.23 mmol) in ethanol (5 mL) 
w* *ea^ l^th sodium hydroxide (0.24 g, 6.16 mmol) in H 2 0 (0.5 mL) nd 

carbon. TLC (methylene chloride - 10% methanol) Rf 0.13. 




s 



CO2H 
Example 349 



30 



ether/hexanes. MP149°C 

Example 350. _ 0 
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Step 1 The methyl ester of 5-bromofuroic add (204 mg, 0.99 mmol) was 
dissolved in DME (3.5 mL) followed by the addition of Pd(OAc)2 (24 mg, 0.11 
mmol), P(o-tolyl)2 (60 mg, 0.20 mmol), 4-chlorobenzeneboronic acid (168 mg, 
1.07 mmol), and sodium carbonate (1.0 mL, 2N in H2O, 2 mmol). The reaction 
5 mixture was refluxed for 1 h when thin layer chromatography showed 
complete reaction. The mixture was cooled to room temperature, diluted 
with water, and extracted with methylene chloride (2 x 15 mL). The combined 
extracts were washed with brine, dried over MgS04, and the solvent removed 
at reduced pressure to afford 170 mg (72%) of product as the methyl ester. The 

10 methyl ester was then suspended in 2 mL of ethanol, treated with 5 eq of 
aqueous NaOH and the mixture was stirred at room temperature for 1 h. At 
this time, the reaction mixture was quenched with 2N HC1, diluted with ethyl 
acetate, and the layers were separated. The aqueous layer was extracted with 
ethyl acetate, and the combined extracts were washed with brine, dried over 

15 MgS04, and the solvent removed at reduced pressure to afford 140 mg of 
product. TLC (methylene chloride - 10% methanol) Rf 0.17. 



Step 2 A suspension of the product of step 1 (1.42 g, 6.38 mmol) in methylene 
20 chloride was treated with oxalyl chloride (3.5 mL, 2M in CH2O2, 7.00 mmol) 
and one drop of DMF. The mixture was refluxed for 1 h under argon. At this 
time, the mixture was cooled to 0 °C and transferred via cannula into an ice 
cold solution of diazomethane (50 mL, 0.6M in Et20, 30 mmol). The reaction 
mixture was allowed to stir at 0 °C for 1 h before it was quenched with HC1 (30 
25 mL, IN in Et20, 30 mmol). The mixture was then stirred at room 
temperature for 1.5 h, transferred to a separatory funnel with ethyl acetate, 
washed with saturated sodium bicarbonate solution, brine, and dried over 
MgS04. The crude product was chromatographed with 0-30% ethyl acetate in 
hexanes to afford 1.28 g (79%) of product. TLC (hexanes - 10% ethyl acetate) Rf 
0.13. 





Example 350 
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Step 3 - Preparation of Example 350. The procedure was analogous to that of 
Example 349 except the product of step 2 was used instead of the correspondmg 
product from the Example 349 preparation. MP 129-130 C. 

5 fivample 35* 



10 



15 



20 



25 




30 



MesSI 

Step 1 A one-necked, 10-mL, round-bottomed flask equipped with a rubber 
septum and an argon needle inlet containing 4 mL of 
charged with Example 40 (0.200 g, 0.401 mmol), trimethylsilylacetylene (0.063 
mL, 0.050 g, 0.401 mmol), copper (I) iodide (0.764 g, 0.401 mmol), and trans- 
dichlorobis(triphenylphos P hine) P alladate (0.011 g, 0.016 mmol). The resultmg 
mixture was stirred for 12 h at room temperature. The reaction mixture was 
concentrated and the product isolated via column chromatogr «phy « ^ 1 5 «* 
silica gel (20% ethyl acetate-hexanes with 0.5% acetic acid) afforded 0.163 g 
(87%) of coupling product as a white solid. MP 149 °C. 

Step 2-Preparation of Example 351. A screw-top, 2-mL, vial was charged I with 
silyl acetylene (0.150 g, 0.320 mmol) and a methanolic solution of KOH (2 mL, 
0.320 mmol). The resulting mixture was stirred for 12 h at roorr, 
The reaction mixture was acidified to P H 1 and extracted with ethy -«ute 00 
mL ). The resulting organic phase was dried over Na 2 S0 4 . futered, and 
concentrated to afford crude Example 15-9799. Column chromatography ' or ,20 
g of silica gel (20% ethyl acetate-hexanes with 0.5% acetic and) attorded 0.104 g 
(88%) of Example 15-9799 as an off-white solid. MP 151 °C 

Step 1 from the above method for the preparation of Example 351 was 
used to prepare the following series of biphenyl products (TABLE XXIV) from 
Example 40 or Example 134 and the appropriate 1-alkyne. 

TABLE XXIV 




example 



351 
352 



(T) x 
HOC 



i somer 
R,S 



CH3(CH2)3CfC 



R, S 



m.p.(°C) /other characterization 
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Example 353. Example 354. Exam pi p am- 



MaO 




Step 1 Step 1 from the above method for the preparation of Example 351 was 
used to prepare the propargyl methoxy acetylene starting material for the 
preparation of Example 353, Example 354, and Example 355. MP 151 °C 

-Ph ^ .Ph 



m*o 




Example 353 



Example 354 

Ph 




Example 355 

Step 2 - Preparation of Example 353, Example 354, Example 355, A one-necked, 
10-mL, round-bottomed flask equipped with a rubber septum and a hydrogen 
balloon connected via a needle inlet was charged with 2 mL of MeOH, 
acetylenic substrate from Step 1 (0.030 g, 0.068 mmol), and 0.002 g of 5% 
palladium in carbon. The resulting mixture was stirred for 12 h at room 
temperature, at which time a second 0.002 g portion of catalyst was added. The 
reaction mixture was stirred 24h h at room temperature, after which half of 
the material was filtered through celite, and concentrated. Example 253 (0.001 
g), Example 4 354 (0.003 g) , and Example 355 (0.001 g) were isolated via HPLC 
(Si02 column, 1% ethyl acetate-methylene chloride with 0.01% TFA). 
Example 353: HPLC (elution 1% ethyl acetate-methylene chloride containing 
0.01% TFA)*/? = 17.6 min; MS (FAB-LSEMS) 443 [M+H]+ 

Example 354: HPLC (elution 1% ethyl acetate-methylene chloride containing 
0.01% TFA)ftf = 15.5 min; MS (FAB-LSIMS) 443 [M+HJ+. 
Example 355: HPLC (elution 1% ethyl acetate-methylene chloride containing 
0.01% TFA)tR = 20.6 min; MS (FAB-LSIMS) 445 [M+HJ+ 
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Example 356 



Example 357 



Fxnmplf 356 and Example 357; preparation of Example 353, 

Examp^ ^ u^r P ^e e HUle 356 and Example 357. 

«^Ec (elution 1% ethyl acetate-methylene chloride — g 
0 01% TFA)tR = 11.5 min; MS (FAB-LSIMS) 455 [M+H]+ 
e1p™57: HPLC (elution 1% ethyl acetate-methylene chloride contauung 
0.01% TFA)tR = 3-2 min; MS (FAB-LSIMS) 442 (M + H]+ 



20 



25 




Ph 




Example 358 



Example 359 



n Mf TFA)tR = 13.9 min; MS (FAB-LSIMS) 475 [M-H1+ 

°ZZ 3 * "PLC (elution 1% ethyl ^methylene chloride contammg 

0.01% TFA)tR = 25.2 min; MS (FAB-LSIMS) 477 [M + H]+ 



30 
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Example. 360; 




C02CH2CH 2 TMS 



Step 1 A solution of exo-2-oxobicyclo [2.2.1] heptane-7-carboxylic acid Iprepared 
using the protocols described in Tetrahedron, Vol. 37, Suppl., 1981, 411] (3.04 g, 
19.7 mmol) in CH2CI2 (45 mL) was cooled to O °C and treated with 2- 
(trimethylsilyl) ethanol (2.7 mL, 18.6 mmol), EDC (3.94 g, 20.55 mmol) and 
DMAP (0.11 g, 0.9 mmol). After warming to room temperature and stirring 
for 2 h the reaction mixture was quenched with water and diluted with 
CH2CI2. After separating the layers, the organic phase was washed with satd. 
aq. NaCl, dried over MgS04 and concentrated. Purification by MPLC (0-25% 
EtOAc/hexanes) provided the target compound (3.9 g, 78%) as a colorless oil. 
lH NMR (CDCI3) d 4.18 (m, 2 H), 2.88 (m, 2 H), 2.76 (m, 1 H), 2.05 (m, 4 H), 1.50 
(m, 2 H), 0.99 (t, / = 8.4 Hz, 2 H), 0.09 (s, 9). 



Step 2 A solution of the ketone from step 1 (3.18 g, 12.50 mmol) and 2-[N,N- 
bis(trifluoromethysulfonyl) amino]-5-chloropyridine (6.6 g, 16.30 mmol) in 
THF was cooled to -78 °C and carefully treated with a 0.5 M solution of 
KHMDS in toluene (24 mL, 12 mmol). After the addition was complete and 
the solution stirred for 2 h, the reaction mixture was quenched with water (30 
mL), warmed to room temperature and diluted with EtOAc. The two phases 
were separated. The organic layer was washed with satd. aq. NaCl, dried over 
MgS04 and concentrated. Purification by MPLC (0-15% EtOAc / hexanes) 
provided the target compound (4.2 g, 91%) as a colorless oil. a H NMR (CDCI3) 
d 5.75 (d, / = 4.8 Hz, 1 H), 4.13 (t, / = 9.0 Hz, 2 H), 3.18 (m, 2 H), 2.62 (m, 1 H), 1.89 
(m, 2 H), 1.41 (t, / = 9.3 Hz, 1 H), 1.23 (t, / = 9.1 Hz, 1 H), 0.96 (t, / = 8.4 Hz, 2 H), 
0.04 (s, 9 H). 



Step 3 A solution 4-chlorobiphenyl (3.0 g, 15.9 mmol) in acetic acid (50 mL) 
was carefully treated with bromine (11 mL, 20.7 mmol) at room temperature. 
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The reaction mixture was heated to reflux for 4 h, cooled to room temperature 
and treated with excess propene until the mixture became clear. The solution 
was concentrated to a thick slurry, diluted with CH 2 C1 2 (50 mL) and washed 
successively with water and 2N NaOH. The organic extract was dried over 
MgS0 4/ filtered and concentrated. Purification by recrystallization from EtOAc 
gave the aryl bromide (3.57 g, 84%) as a white crystalline solid. *H NMR 
(CDCI3) d 757 (m, 2 H), 7.48 (m, 2 H), 7.41 (m, 4 H). 



10 



20 



SnMea 



Step 4 A solution of 4-Bromo-4'-chlorobiphenyl (8.0 g, 30.0 mmol) in THF 
(120 mL) was cooled to -78 °C and carefully treated with n-BuLi (19.7 mL, 1.6 M 
soln. in hexanes, 31.5 mmol). After stirring for 1 h, the mixture was treated 
with chlorotrimethyltin (33 mL, 1.0 M soln., 33.0 mmol). After an additional 
30 min, the solution was warmed to room temperature and concentrated. The 
15 off-white solid was diluted with CH 2 C1 2 (300 mL) and washed successively 
with water and sat. aq. NaCl. The organic layer was dried over MgS0 4 , filtered 
and concentrated. Purification by MPLC (hexanes) gave the aryltin (9.38 g, 
89%) as a white crystalline solid. *H NMR (CDCI3) d 7.62 (m, 6 H>, 7.54 (m, 2 
H), 0.39 (s, 9 H). 




C0 2 TMSE 



Step 5 A solution of the triflate from step 2 (4.2 g, 10.89 mmol), Cul (0.21s g, 1.1 
mmol), AsPh 3 (0.339 g, 1.1 mmol), Cl 2 Pd(MeCN)2 (0.215 g, 0.56 mmol) and a 
few crystals of BHT in l-methyl-2-pyrrolidinone (11.5 mL) was lowered into a 

25 oil bath preheated to 85 °C. After stirring 4 min, the biphenyltin derivative 
from step 4 (7.3 g, 20.7 mmol) was added in one portion. The mixture was 
stirred for 30 min, cooled to room temperature and diluted with EtOAc. After 
separating the phases, the aq. layer was back extracted with EtOAc and the 
combined organic layers were dried over MgS0 4 , filtered and concentrated. 

30 The resulting residue was adsorbed on silica gel and purified by MPLC (0-15% 
EtOAc / hexanes) to give the coupled product (4.0 g, 86%) as a white crystaUme 
solid. 1H NMR (CDCI3) d 7.52 (m, 6 H), 7.42 (m, 2 H), 6.40 (d, / = 3.3 Hz, 1 H), 
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4.19 (t, / = 10.2 Hz, 2 H), 3.58 (m, 1 H), 3.23 (m, 1 H), 2.60 (m, 1 H), 1.95 (m, 2 H), 

1.20 (m, 2 H), 1.02 (d, / = 7.5 Hz, 2 H), 0.08 (s, 9H). 



5 Step 6 A solution of the olefin from step 5 (3.60 g, 8.47 mmol) in 10% 
MeOH/CH2Cl2 (200 mL) was cooled to -78 °C and treated with ozone as a gas 
added directly into the reaction mixture (10 min, 1 1/min). After TLC 
indicated the absence of starting material the solution was purged with argon 
(15 min), treated with methylsulfide (13 mL) and warmed to room 

10 temperature. After stirring overnight, the solution was concentrated to a 
residue which was purified by MPLC (0-15% EtOAc / hexanes) to give a 
mixture of the desired aldehyde and the corresponding dimethyl acetal. The 
product mixture was dissolved in acetone (45 mL) and treated with CSA (0.192 
g, 0.83 mmol) and water (0.3 mL, 16.5 mmol). After stirring overnight, the 

15 solution was concentrated and purified by MPLC (0-15% EtOAc / hexanes) to 
give the desired aldehyde (3.45 g, 89%) as a colorless oil: *H NMR (CDCI3) d 
9.78 (d, / = 1.8 Hz, 1 H), 8.05 (d, / = 6.6 Hz, 2 H), 7.65 (d, / = 6.6 Hz, 2 H), 7.55 (d, / 
= 9.0 Hz, 2 H), 7.44 (d, / = 9.0 Hz, 2 H), 4.15 (m, 3 H), 3.87 (t, / = 7.2 Hz, 1 H), 3.15 
(m, 1 H), 2.20, (m, 1 H), 2.03 (m, 1 H), 1.86 (m, 1 H), 1.58 (s, 1 H), 1.25 (t, / = 6.9 

20 Hz, 1 H), 0.93 (m, 2 H), 0.00 (s, 9 H). 



Step 7 A solution of lithium aluminum hydride (1.9 mL, 1.0 M THF) in THF 
25 (6 mL) was treated with 3-ethyl-3-pentanol (0.83 mL, 5.77 mmol) and heated to 
a gentle reflux for 1 h. The mixture was then cooled to room temperature. 

A solution of the aldehyde intermediate from step 6 (0.85 g, 1.86 mmol) 
in THF (15 mL) was cooled to -78 °C and treated with the previously prepared 
solution of LTEPA in THF (above) via cannula in a dropwise manner. After 
30 the addition was complete, the solution was stirred at -78 °C for 4 h and 
subsequently quenched with 2 N HC1 (4.6 mL). The reaction mixture was 
diluted with EtOAc and washed with water. The organic layer was dried over 




O CO2TMSE 




0 C0 2 TMSE 
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15 



MgS0 4 , fUtered and concentrated. Purification by MPLC (540% EtOAc / 
hexanes) afforded the desired aldehyde (0.640 g, 75%) as a white crystalhne 
solid. 1H NMR (CDC1 3 ) d 8.05 (d, / = 8.7 Hz, 2 H), 7.65 (d, / = 8.5 Hz, 2 H), 7.55 
(d, / = 8.4 Hz, 2 H), 7.44 (d, / = 8.4 Hz, 2 H), 4.15 (m, 2 H), 3.76 (t, / = 6.3 Hz, 2 H), 
3 28 (t, / = 8.7 Hz, 1 H), 2.48 (m, 1 H), 2.35 <t, / = 6 Hz, 1 H), 2.18 (m, 1 H), 1.91 (m, 
2 H), 1.57 (m, 1 H), 1.35 (t, / = 6.9 Hz, 1 H), 0.91 (m, 2 H), -0.01 (s, 9 H). 

O CO2TMSE 

Step 8 A solution of the alcohol from step 7 (0.200 g, 0.436 mmol) and 
triethylamine (0.09 mL, 0.65 mmol) in CH 2 C1 2 (6 mU was treated with p- 
toluenesulfonyl chloride (0.101 g, 0.524 mmol) and a crystal of DMAP. The 
mixture was stirred at room temperature for 16 h, concentrated under reduced 
pressure and purified by MPLC (0-20% EtOAc / hexanes) to give .the , tosylate 
(0 240 g, 89%) as a colorless oil: lH NMR (CDCI3) d 8.02 (d, J = 8.4 Hz, 2 H), 7.82 
(d, J = 8.1 Hz, 2 H), 7.64 (d, J = 8.4 Hz, 2 H), 7.56 (m, 2 H), 7.45 (m, 2 H), 7.36 (d, J - 
8.1 Hz, 2 H), 4.28 (m, 1 H), 4.10 (m, 4 H), 3.14 (m, 1 H), 2.61 (m, 1 H), 2.46 (s 3 H) 
2.13 (m, 1 H), 2.00 (m, 1 H), 1.82, (m, 1 H), 1.56 (m, 1 H), 0.87 (m, 2 H), 0.00 (s, 9 
H). 

0 co 2 tmse 0 



20 



25 



30 



U J L> 



Step 9 A solution of the tosylate from step 8 (0.250 g, 0.408 mmo ) potassium 
phthalimide (0.232 g, 1.23 mmol), 18-crown-6 (0.341 g, 1.29 mmol) in DMF (3 
mL) was heated to 40 o C and stirred for 2 h. After coohng to room 
temperature, the reaction mixture was diluted with EtOAc and water After 
separating the phases, the organic layer was washed 

over MgS0 4 . filtered and concentrated. Purification by MPLC (3-20% EtOAc / 
hexanes) provided the desired phthalimide (0.187 g, 78%) as a ^ecrystallme 
solid: 1HNMR (CDCI3) d 8.04 (d, J = 8.4 Hz, 2 H), 7.86 (dd, Jl = 5. Hz,j2 = ■ M 
Hz^H^TKdd,,!^ J2 = 2.7 ™™«™-"*™ 7 *™ 
= 8.7 Hz, 2 H), 7.44 (d, J = 8.4 Hz, 2 H), 4.20 (m, 1 1ft U0 to ,1 HX « « to 2 « 
3.81 to, 1 H), 333 (dd, Jl = 13.5 Hz, J 2 = 6.9 Hz, 1 H), 3.32 (dd, Jl = 11.1 Hz, J 2 
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3.9 Hz, 2 H), 180 (m, 1 H), 2.15, (m, 1 H), 1.94, (m, 2 H), 1.60 (m, 1 H), 0.66 (m, 2 
H),-0.08(s,9H). 



O COzH 0 

5 Step 10 - Preparation of Example 360. A solution of the ester from step 9 (0.168 
g, 0.286 mmol) in THF (5 mL) was treated TBAF (0.43 mL, 0.43 mmol) and 
subsequently stirred at room temperature for 2 h. The reaction mixture was 
quenched with 2 N HC1 and diluted with EtOAc After separating the phases, 
the organic layer was washed with satd. aq. NaCl. Purification by MPLC (0-5% 
10 MeOH / CH2CI2) provided the desired acid (0.128 g, 92%) as a white crystalline 
solid. MP 203-205 °C 

Example 361 and E xample 362: 

Example 360 (racemate) was separated into its most active (Example 361) 
15 and less active (Example 362) enantiomers on a Chiralcel" AS HPLC column 
using an ethanol / hexanes mixture as an eluent. 
Example 361: [a]o +44° (c 0.3, CHCI3). 



Example 363; 

O CO2TMSE ^N.CH 3 

Step 1 A solution of 4-methylbenzyl triphenylphosphine bromide in THF (2.5 
mL) was cooled to -78 °C and treated with n-BuLi (0.13 mL, 1.6 M soln. in 
hexanes). After stirring for 30 min, a solution of the aldehyde intermediate 
from Example 360, step 6 (0.1 12g, 0.245 mmol) in THF (1.5 mL) was added, and 

25 the mixture was warmed to room temperature over 3 h. The reaction mixture 
was diluted with ethyl acetate and washed with water. The organic layer was 
washed with satd. aq. NaCl and dried over MgS04. Purification by flash 
column chromatography (0-10% EtOAc / hexanes) gave a the desired olefin 
(0.022 g, 16%) as a white crystalline solid. TLC Rf: 0.22 (silica, 10% EtOAc / 

30 hexanes). 
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Step 2 - Prepay of Exanple 363. Deprofecdon of .he H-W 
ester from Lp 1 was carted out using the saute protocol desotbed for ft. 
deproterton of the intermediate m Example 360. step 10. MP 213 C. 



20 




Step 1 The benzyl ester was prepared in a manner analogous .0 the one 
described for the corresponding 2-trime.hylsilyl ester in.ermed.ate (BtampUt 
,0 360, steps 1-6). In this case, benzyl alcohol was used mstead of 2- 
trimethylsilylethanol in step 1. 



CI 




Step 2 The reduction of the intermediate from step 1 was earned out using .he 
same pro.oco. described for the corresponding 2-(.rime,hyls,.y.ht.hanol 
intermediate (Example 360, step 7). 



O COzBn 



25 



S.«D 3 A solution of the intermediate from step 2 (0.025 g, 0.0557 mmol) and 
dSopropyTe hyiamine (0.03 mL, 0.167 mmol. in CH 2 Cl2 (2 mL) was tr *ed 
wi ,h chllmemyl me,hy>e,her (0.0, mL. an » d ™ 

temperature overnight. **^£ZZ2 t£ZT2Z 
flash column chromatography (3-20% EtOAc /hexanes, P 
ether (0.025 g, 91%). Rf: 0.16 (silica, 25% EtOAc / hexanes). 
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O COjH 

Step 4 - Example 364. A solution of the intermediate benzyl ester from step 3 
(0.023 g, 0.047 mmol) in THF (0.5 mL) and ethanol (0.4 mL) was treated with a 
NaOH solution (0.19 mL, 0.5 g / 10 mL water). After stirring for 1.5 h at room 
5 temperature, the mixture was diluted with EtOAc and quenched with aq. 2N 
HC1 (0.6 mL). The organic layer was washed with satd. aq. NaCl, dried over 
MgS04 and concentrated. The remaining residue was crystallized from 
diethyl ether and hexanes to give the desired acid (0.017 g, 90%). MP 89-90 <>C. 

10 fojimpte ?65; 

O C02Bn 

Step 1 A solution of the intermediate from Example 364, step 2 (0.150 g, 0.334 
mmol) in CH2CI2 (1 mL) and cydohexane (2 mL) was treated with benzyl 2,2,2- 
trichloroacetimidate (0.068 mL, 0.37 mmol) and BF3«Et20 (7 uL). After 
15 stirring for 30 min, solid NaHC03 was added and the solution was diluted 
with CH2C12- After filtering through a short pad of silica gel, the solution was 
concentrated and purified by flash column chromatography (0-1 5*7, EtOAc / 
hexanes) to give the desired compound in low yield. Rf: 0.39 (25^ EtOAc / 
hexanes). 

20 

O C0 2 H 

Step 2 - Preparation of Example 365. The deprotection of the benzyl ester 
intermediate from step 1 was accomplished using the same protocol described 
for Example 364 in step 4. MP 157-158 °C. 
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frrample 366; 

O <jC 



0 C02TMSEj^j 



Step 1 A solution of the alcohol from Example 360, step 7 (0.054 g, 0.118 
mmol), phenol (0.015 g, 0.159 mmol) and triphenylphosphine (0.069 g, 0.263 
mmol) in THF was treated with diethylazodicarboxylate (0.04 mL, 0.254 mmol) 
and stirred at room temperature for 24 h. After concentrating the reacUon 
mixture, the remaining residue was purified by 1 lash ^ 
(0-10% EtOAc / hexanes) to give the desired phenol (0.031 g, 52%). Rf . 0.41 

(silica, 15% EtOAc / hexanes). 



O COzH j^N 



Step 2 - Preparation of Example 366. The deprotection of the Mtrimethylsilyl) 
ethanol ester intermediate from step 1 was accomplished using the same 
protocol described for Example 360 in step 10. MP 189-190 oc. 



15 



20 



25 



Example 367; 



Q C02TMSE 0 



J! I 



Step 1 A solution of the alcohol from Example 360, step 7 (0 040 g 0.087 
mmol and triethylamine (0.02 mL, 0,44 mmol) in CH 2 C1 2 (2 mL) was treated 
with benzoyl chloride (0.015 mL, 0.129 mmol) and DMAP (1 mg A te 
stirring at room temperature for 5 h, the solution was concentrated and 
2 by flash column chromatography (0-15% EtOAc / hexanes) to gwe the 
desired ester (0.044 g, 92%). Rf: 0.4 (silica, 25% EtOAc / hexanes). 

CO2H 
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Step 2 - Preparation of Example 367. The deprotection of the 2-(trimethylsilyl) 
ethanol ester intermediate from step 1 was accomplished using the same 
protocol described for Example 360 in step 10. MP 166-167 °C. 

5 Example 368: 

O CQzTMSE o COzMe 



Step 1 A solution of the alcohol from Example 360, step 7 (0.039 g, 0.085 
mmol), mono-methyl phthalate (0.032 g, 0.172 mmol), l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide methiodide (0.033 g, 0.172 mmol) 
10 and N,N-dimethylaminopyridine (0.005 g, 0.04 mmol) in CH2CI2 (2 mL) was 
stirred at room temperature for 32 h. The reaction was diluted CH2CI2 and 
washed with water. The organic extracts were dried over MgSC>4, filtered and 
purified by flash column chromatography (0-20% EtOAc / hexanes) to give the 
desired ester (0.039 g, 74%). Rf: 0.35 (silica, 30% EtOAc / hexanes). 

15 



CO2H 




O C02Me 




20 



Step 2 - Preparation of Example 368, The deprotection of the 2-(trimethylsilyl) 
ethanol ester intermediate from step 1 was accomplished using the same 
protocol as that described for Example 360 in step 10. MP 102-104 °C 



Example 369i 



O CO2TMSE 




Step 1 A suspension of sodium hydride (0.0093 g, 0.368 mmol) in THF (1 mL) 
25 was treated with 2-mercaptothiophene (0.062 g, 0.534 mmol). After stirring for 
30 min, a solution of the tosylate from Example 360, step 8 (0.05 g, 0.082 mmol) 
in DMF (0.03 mL) was added and the mixture was stirred at room temperature 
for 2 h. The reaction mixture was diluted with EtOAc and washed with satd. 
aq. NaCl. The organic extracts were dried over MgS04, filtered, concentrated 
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and mtrifled by flash column chromatography (0-5% EtOAc / hexanes) to give 
£d^ product (0.037 g, 12%). RC (Ul (silica. ,0% EtOAc / hexanes,. 



10 



15 



CO2H 



step 1 . p« pmH „„!f Example 369. The deprotecuon of me 2^yUUyl) 
!Sno. ester intermediate from step . wa S accomplished usmg me same 
protocol as that described for 360 in step 10. MP 184 OC. 

EampltEll; Q CQjTMSE 

Step 1 A soludon of the tosylate from 360, step 8 (0.5 g. 0.82 mmol) in DMF (3 
It) was .Led with sodium azide (0.160 g. 2.5 mmol). After sOrrmg for 24 h 
mL) was treateo vmn die thylether and washed 

at room temperature, the mixture was oiiu , filtered, 

with water The organic extracts were dried over MgSOl, filteren, 
loncenTa^ and puriL by MPLC (0-10% EtOAc / hexanes) to give the 
ZZ azide (0.341 g. 86%). Rf: 0.22 (silica, 10% EtOAc / heximes). 

O CO2TMSE o 

S „p 2 A solution of the azide from step 1 (0.4, * ™ ^ 

was treated with ^^^1°^ waslted with EtOAc, 
mU After being heated te 70 <>C for 6 h, the nnxturt WM 
washed with satd. a,. NaCl and dried over MgSO,. The resuUmg » 
concentrated under reduced pressure and redissolved in CH 2 C1 2 . The m. 
"ted with benzoyl chloride ^^^ ^ 
tamperature for 24 h. After concentrahng the soluhon, 

was purified by flash ~ ^ R ^ U EtOAc / 

give the desired compound (0.025 g, -w*;. jm 

hexanes). 
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O CO2H o 

Step 3 - Preparation of Example 370. The deprotection of the 2-(trimethylsilyl) 
ethanol ester intermediate from step 1 was accomplished using the same 
protocol as that described for Example 16-7387 in step 3. MP 204-206 °C 

The above methods for the preparation of Example 360-370 were used to 
prepare the following series of biphenyl containing products (TABLE XXV). 



TABLE XXV 



CO2H 



ex. 




isomer m.p.(°C) /other characterization 



360 



361 



362 



363 

364 
365 
366 
367 
368 



369 



0 

o 

o 
o 

CH20CH20CH3 

CH20CH2Ph 

CH20Ph 
CH202CPh 

CH,S> 



racemic 



>N 0 

370 CH2NHCOPh 

371 CH20CH20(CH2)20Me 

372 CH2SCH2Ph 

373 CH2SPh 

374 CH2SCH2CH2CH3 



(+) 



(-) 



racemic 

racemic 
racemic 
racemic 
racemic 
racemic 

racemic 

racemic 
racemic 
racemic 
racemic 
racemic 



203-205 



[a]D+48(CHCl3) 



213 

89-90 
157-158 
189-190 
166-167 
102-104 



184 

204-206 
107-108 
145-146 
173-175 
163-165 
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375 
376 

377 
378 
379 
380 

381 
382 
383 

384 
385 

386 

387 

388 
389 
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CH,8 
1*0 jC 



CH,8 
O 

A 



CH, 



,OCM j 



-CO 

O CH» 

V 

o 

O QCHt 

o 

OCH, 

CM *yO 



CHtO 



CHjO 



CHaO 



CH 



CHaO 



CHaO 



CH,N 



O 



O 
O 



racemic 
racemic 

racemic 
racemic 
racemic 
racemic 

racemic 
racemic 
racemic 

racemic 
racemic 

racemic 

racemic 

racemic 
racemic 



195-196 
146-147 

136-137 
152-154 
150-151 
145 

146-148 
162-164 



180-183 
203-204 

178-179 

247-248 

215-217 
191-192 
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201-203 
257-258 
220-223 



Example 393 and Example 394: 



O 




O 



Step 1 A solution of maleic anhydride (3.99 g, 0.041 mmol) and vinyl acetate (6 
5 ml, 0.065 mmol) in 120 ml CH3CN was irradiated in a Rayonet apparatus 
under argon for 24 h. The reaction mixture was concentrated and placed on a 
Kugelrohr to remove remaining maleic anhydride. A crude brown oil (2.03g) 
was used in next step without further purification. *HNMR (CDCI3) showed a 
mixture of cis and trans acetate groups (s, d 2.03 and 1.96 ppm). 

10 



O O 




O O 



Example 393 Example 394 

Step 2 • Preparation of Example 393 and Example 394. A solution of anhydride 
(2.00 g, 10.60 mmol) and 4-chlorobiphenyl (2.00 g, 10.69 mmol) was dissolved 
15 in 50 ml CH2CI2 under argon. The solution was chilled in an ice bath. 
Aluminum trichloride (4.03 g, 32.25 mmol) was added in one portion and the 
reaction was allowed to warm to ambient temperature. After 21 h, the reaction 
was quenched with chilled 10% HC1 and the CH2CI2 layer was drained. The 
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crystallized (MP 189-190 °C) with EtOAcHexane from the filtrate. 



10 



o 

Example 395 

Example 395; d _ arg0 n. DBU was 

Cvam r.iP (252 me, 0.680 mmol) in 5 ml Trlt- unaer argui 

&d J;7X SJLS ana allow. ^^—^ 
was diluted with CH 2 C1 2 , then washed with 10% HQ, brm ; a 
MgS0 4 The concentrated crude material was crystallized with EtOAc Hexa 
to give 117 mg Example 395. MP 197-199 °C (dec). 
15 O 



0 

-O-OnT 



X 



J>' CH 3 



O 

Example 396 
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Eamck 326; 

Example 396 was prepared from Example 394 using the procedure for 
the preparation of Example 395. MP 151-152.5 °C. 



HO 

c,_/ W\ 



o 




Example 397 



OAc 

I 



CI 



HO 



J — > 




Example 398 



OAc 



Example 397 and Example 398; 

These examples were prepared in a similar manner to Example 393 and 
10 Example 394 except that allyl acetate was used in step 1 instead of vinyl acetate. 
Example 397 was crystallized from the crude product by using EtOAc-Hexane 
as solvent. Isomer Example 398 could be isolated from the mother liquors by 
HPLC. 



HO 



OAC 



ci -0€Hr 

15 O 

Example 399 

Example 399: 

Example 399 was prepared from Example 397 using the procedure tor the 
preparation of Example 395. MS (FAB) M + =387. 
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o 0AC 



«-0-OnT 

o 

Example 400 

5 S^Scould 1* prepared from Example 398 using the procedure for me 
preparation of Example 395. 

o 



HO- 



Example 401 

10 '"Compound was prepared by removing the acetate group^ 
Example 399 wiih K 2 C0 3 -MeOH and subsequent hydrops of the methyl 
ester (formed during deblocking) with LiOH in MeOH-H 2 0. 

15 Fxample 402; 0 

JL_^OH 
AiiyiO^^i — I 

Step 1 This esters was prepared from Example 401 by treatment with the allyl 
alcohol and a catalytic amount of concentrated H2SO4. 
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AllylO -^^| — | '^^ N , 

o 

Step 2 This phthalimide derivative was prepared from the product of step 1 
together with the reagents used in the general procedure of Example 360, step 
9. 

O ° 

HO' 



"-O-O-f ' 




o 

Example 402 

Step 3 - Preparation of Example 402. Example 402 was prepared from the 
product of step 2 using the procedure of Example 267, step 4. 

10 Example 403; 




H 3 CO-^J>-^ V_</^\>_0CH3 

Step 1 To a slurry of 95% NaH (8.17 g, 0.34 mol) in 170 mL of anh. DMF was 
added l,4-dihydroxy-2-butene (10.00 g, 0.11 mol) in 110 mL of anh. DMF over 
30 min. The resulting mixture was stirred at room temperature for 2 h, then 

15 cooled to 0*C and a solution of 4-methoxybenzyl chloride (37.33 g, 0.24 mol) in 
170 mL of anhydrous DMF was added over 20 min, while vigorous gas 
evolution was observed. The reaction mixture was stirred at 0'C for 15 min 
and at room temperature for 30 min, then was cooled to 0 *C and quenched by 
the dropwise addition of 100 mL of H2O. The mixture was vigorously stirred 

20 at room temperature for 15 min, then diluted with 400 mL of EtOAc. The 
aqueous layer was extracted with 2 x 400 mL of EtOAc. The combined organic 
layers were washed with a saturated NaCl solution, dried (Na2S04), and 
concentrated in vacuo. The crude product was purified by chromatography (11 
cm x 6.5 cm silica gel; hexane, then 20% EtOAc-hexane) affording 34.94 g (94%) 

25 of the alkene as a colorless oil. TLC Rf (30% EtOAc-hexane) 0.47. 
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H 3 CO 

Step 2 The alkene (5.00 g, 15 mmol) was dissolved in a mixture of 225 mL of 
dioxane, 60 mL of H 2 0 and 15 mL of 2N H2SO4. Osmium tetraoxide was 
added and the solution was stirred for 10 min. NaI0 4 (13.00 g, 60 mmol) was 

5 added in small portions over 10 min. To this was added 15 mL of 2N H2SO4 
and the mixture was stirred for 5 h, as a white solid formed. To this slurry was 
added 250 mL of H 2 0 to obtain a clear solution which was then extracted with 
Et20 (6 x 250 mL). The organic layers were combined, washed with a saturated 
NaCl solution, dried (Na 2 S0 4 ), and concentrated in vacuo. The crude product 

10 was purified by chromatography (150 g silica gel; 30% EtOAc-hexane ) affording 
4.69 g (85%) of the aldehyde as a colorless oil. TLC Rf (30% EtOAc-hexane) 
0.25. 

\=y no 2 

15 Step 3 To a 0 'C solution of the aldehyde (5.44 g, 30 mmol) in a mixture of 
freshly distilled THE (65 mL) and anh. tBuOH (65 mL) was added 
nitromethane (5.53 g, 91 mmol) and KOtBu (0.34 g 3 nmol). The 
stirred for 4 h, then diluted with 200 mL of E^O, and washed with 2 x 50 mL o 
NH4CI. The combined aqueous layers were back extracted with 100 mL of 

20 Et 2 0. The organic layers were combined, washed with brine, dried over 
Na 2 S04 and concentrated in vacuo. 

The resulting crude nitro alcohol was dissolved in 160 mL of freshly distilled 
CH 2 C12 and cooled to O'C. Methanesulfonyl chloride (2.3 mL, 30 mmol) was 
added and stirred for 6 min. Freshly distilled triethylamine (8.4 mL, 61 mmol) 

25 was added and stirred for 15 min. The reaction was quenched at 0 C by he 
addition of 25 mL of a saturated NH4CI solution. The mixture was exacted 
with 300 mL of CH 2 C1 2 . The organic layer was washed with 50 mL of . 
saturated NH4CI solution. The combined aqueous layers were back extracted 
with 100 mL of CH2CI2. The combined organic layers were washed with a 

30 saturated NaCl solution, dried (Na 2 S0 4 ), and concentrated in vacuo. The 
crude product was purified by chromatography (150 g silica gel; 20% KOAc* 
hexane) affording 5.56 g (82%) of the nitroalkene as a colorless oil. TLC Rf 
(20% EtOAc-hexane) 0.36. 
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HQ 



\ — 




CI 



Step 4 A mixture of propargyl alcohol (3.14 g, 56 mmol), l-bromo-4-(4'- 
chlorophenyD-benzene (10.00 g, 37.3 mmol), 
bis(triphenylphosphine)palladium(II) chloride (0.19 g, 0.3 mmol), 
5 triphenylphosphine (0.37 g, 1.4 mmol) and cuprous iodide (0.37 g, 1.9 mmol) 
in 1500 mL of freshly distilled triethylamine was heated at the reflux 
temperature for 16 h. Additional bis(triphenylphosphine)palladium(II) 
chloride (0.19 g, 0.3 mmol), triphenylphosphine (0.37 g, 1.4 mmol) and 
cuprous iodide (0.37 g, 1.9 mmol) were added and the mixture was heated at 
10 the reflux temperature for an additional 7 h. The mixture was allowed to cool 
to room temperature, filtered and the filtrate was concentrated in vacuo. The 
crude product was purified by chromatography (11 cm x 11 cm silica gel; 
CH2CI2), and by recrystallization (from EtOAc-hexane mixture) yielding 7.32 g 
(80%) of the biphenyl-alcohol as a yellowish solid. TLC Rf (CH2CI2) 0.48. 



Step 5 To a slurry of 95% NaH (0.72 g, 30 mmol) in 50 mL of distilled THF was 
added the biphenyl alcohol (7.31 g, 30 mmol) in 200 mL of distilled THF. The 
mixture was stirred for 1 h, then cooled to -40 'C The nitroalkene (3.36 g, 15 

20 mmol) in 50 mL of distilled THF was added drop wise over 10 min. The 
mixture was allowed to warm to 0 # C, then quenched by the addition of 100 
mL of IN HCI. The resulting mixture was extracted with 3 x 250 mL of EtOAc. 
The organic layers were combined, washed with a 1:1 mixture of saturated 
NaHC03 solution and H2O, a saturated NaCl solution, dried (Na2S04), and 

25 concentrated in vacuo. The crude product was purified by chromatography 
(150 g silica gel, CH2CI2; and 150 g silica gel, 60%CH2Cl2-hexane) yielding 4.05 
g (58%) of the Michael-adduct as a yellow oil. TLC Rf (80% CH2Cl2-hexane) 
0.36. 



15 



H3CO 




C! 
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10 



15 



H 3 ca 




Step 6 To a solution of the Michael-adduct (2.81 g, 6.0 mmol) in 14 mL of anK 
toluene was added a slurry of freshly distilled TMSC1 (1.97 g 18 0 mmol) and 
distilled Et 3 N (1,3 g, 18.0 mmol) in 10 J* J* 

^ e i u *v^r> m ml of THF and 13 mL or 10% HCi were 
mixture was stirred for 1 h, then 15 mL or inr dim 

Td d. Tire mixture was vigorously stirred for ,.5 h, then 
EtOAc (3 x 100 mL). The organic layers were combined washed w,,h a 
seated NaC. solution, dried (Na 2 S0 4 ). and concentred m v . ™ The 
crude product was purified by chromatography (100 g sthca «*»J*^ 
CH2Q2) affording 1.42 g (54%) of the dihydrofuran as a yellow sohd. IXC 
(5% EtOAc-CH2Cl2> 0-46. 



20 



H 3 CO 




CI 



25 



7 To a 0 -C solution of tetravinyltin (289 mg. 1.3 mmol) in 15 mL of 
freshly disUU d E, 2 0 was added 1.43 M methyllithium ,2.6 mL 3.7 mmoO 
droowise over 15 min. The mixture was stirred a. 0<C for 15 min. then cooled 
oT-C. Cuprous cyanide (228 mg 23 mmo.) was added in on. i tx^The 
.nixture was allowed to warn, » « over 75 min, and s« rred at -30 C for 45 
™„ A solution of the dihydrofuran (390 mg 0.9 mmol) tn 24 mL of freshly 
Trilled CI added dropwise over 15 min and "ring »x = 
stirred at -30X1 for 45 min. A mixture of 10 mL of a saturated NH4CI solutton 
aid 10 mL of H2O was slowly added, keeping .he temperature under -25 C, • 
r reacrion mixture turned brown ^^^1^ I 

t blue aqueous .ayer was washed with 100 mL of EtOAc. The organ* >aye« 
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were combined, washed with a saturated NaCl solution, dried (Na2SC>4), and 
concentrated in vacuo. The *H NMR spectrum of the crude product showed 
the presence of two isomers(frans-fnzns and trans-cis)in a 7 : 3 ratio. The crude 
mixture was purified by chromatography (15 g silica gel; 3% EtOAc-CH2Cl2) 
5 affording 222 mg of the major vinyltetrahydrofuran isomer as a yellow oil and 
120 mg of the mixture of the two vinyltetrahydrofuran isomers as a yellow oil 
(combined yield 82%). major isomer TLC Rf (5% EtOAc-CH2Ci2) 0.49; minor 
isomer TLC Rf (5% EtOAc-CH2Cl2) 0.38. 




Step 8 To a solution of the trans-trans-vinyl isomer (874 mg, 1.9 mmol) in 16 
mL of CH2CI2 was added 0.8 mL H2O and DDQ (643 mg, 2.8 mmol). The 
mixture was stirred for 40 min. The precipitated solid was filtered and washed 
with 150 mL of CH2CI2. The filtrate was washed with 50 mL of saturated 
15 NaHC03 solution, a saturated NaCl solution, dried (Na2S04)/ and 
concentrated in vacuo. The crude mixture was purified by chromatography 
(30 g silica gel; 10% EtOAc-CH2Cl2) yielding 534 mg (83%) of the 
hydroxymethyl-analog as a white solid. TLC Rf (10% EtOAc-CH2Cl2) 0.30. 



20 




Step 9 To a 0 # C solution of the hydroxymethyl-analog (303 mg, 0.88 mmol) in 
18 mL of freshly distilled THF were added triphenylphospine (324 mg, 1.24 
mmol), phthalimide (182 mg, 1.24 mmol) and DEAD (215 mg, 1.24 mmol). 
The mixture was allowed to warm to room temperature, stirred for 1 h, and 
25 concentrated in vacuo. The crude mixture was purified by chromatography 
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10 



(50 g silica gel; 2% EtOAc-CH 2 Cl 2 ) yielding 266 mg (64%) of the phthaUmido- 
analog as a white solid. TLC R£ (5% EtOAc^H 2 Cl 2 ) 0.71. 



15 



20 




Step 10 Into a -78 V solution of the phthaUmido-analog (262 mg 055 mmol) 
n 5 mL of CH2C12 was bubbled D 2 for 15 mi, D 3 was bubbled m h 
mixture until it turned gray-blue (5 min). G 2 was agam bubbled mto the 
solution until blue color disappeared, then the mixture was 
Triphenylphosphine (288 mg, 1.10 mmol) was added and he ^™ 
allowed to warm to room temperature, and was stirred ^ 
mixture was purified by chromatography (40 g silica gel, 2% EtOA : CHaC2 
eluent) affording 265 mg (100%) of the aldehyde as a white solid. TLC Rf (5% 
EtOAc-CH 2 Cl 2 )0.35. 




Step 11 - Preparation of Example 403. To a 0*C solution of the aldehyd (50 
Z 11 mmol) in 5 mL of acetone was added Jones' reagent until a deep 
X o^rsisted. The mixture was stirred for 5 min then was quenched 
by the addition of 2 mL of isopropanol. The resulting mixture was ^stirred 
In temperature for 10 min, as it turned green, 
vacuo. The crude mixture was purified by chromatography (10 g 
M^H-0.5%AcOH-EtOAc eluent) affording 44 mg (85%) of Example 403 as a 
white solid. MP 113-114"C. 
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Example 404; 



II 

cr 

Step 1 To a solution of Example 267 in dry THF (397 mL) was added a solution 
of rert-butyl trichloroacetimidate (23.0 mL, 86.0 mmoL) in cydohexane (93 mL) 
5 followed by BF3-Et20 (1.76 mL, 14.3 mmol). The mixture was stirred at room 
temperature for 18 h after which NaHC03 (-5 g) was added to quench the 
reaction. The resulting slurry was filtered and the filtrate was concentrated 
under reduced pressure. The resulting crude solid was partitioned between 
CH2CI2 (500 mL) and water (500 mL). The organic phase was washed with a 
10 saturated NaCl solution, dried (MgS04) and concentrated under reduced 
pressure. The resulting solids were recrystallized (EtOAc/hexane) to afford a 
white solid (11.4 g, 51%). TLC (25% EtOAc/hexane) R/ 0.73. 




cr 

15 Step 2 To a mixture of the product of step 1 (0.20 g, 0.38 mmol) in abs. EtOH 
(3.8 mL) was added a 1 M NaOH solution (0.8 mL, 0.8 mmol). The resulting 
slurry was stirred at room temperature for 6 h and concentrated under 
reduced pressure. The resulting residue was partitioned between EtOAc (10 
mL) and water (10 mL). The aqueous layer was acidified with 10% aq HC1 (10 

20 mL) and extracted with EtOAc (3 x 10 mL). The organic phase was washed 
with a saturated NaCl solution (10 mL), dried (MgS04) and concentrated 
under reduced pressure to afford a white solid (0.13 g, 62%). TLC (10% 
MeOH/CH2Cl2) R/ 0.38. 

C0 2 /-Bu 




1 

MeOzC^^ 



cr 

25 Step 3 To a solution of the product of step 2 (0.12 g, 0.23 mmol) in Et20 (50 
mL) was added a solution of diazomethane in diethyl ether until a yellow 
color persisted, then excess diazomethane was quenched with glacial acetic 
acid (-5 mL ). The resulting solution was diluted with EtOAc (50 mL), washed 
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10 



15 



with water (50 mL) and a saturated NaCl solution (50 mL), dried (MgS0 4 >, and 
concentrated under reduced pressure to afford a yellow solid which was 
puXd using rotary chromatography (SiO*. 0-5% MeOH/CH 2 Cl 2 ) to afford a 
colorless oil (0.10 g, 82%). TLC (50% EtOAc/hexane) R/ 0.49. 




Example 404 

Step 4 - Preparation of Exarr.pl. 404. A mixture of the product of step 3 (Ml g. 
0.20 mmol) in a solution of HC1 in dioxane (8.0 mL, 4 M, 32 mmol) was sorted 
a, room temperature for 2 h, men concentrated under reduced pressure The 
resuming residue was partitioned between EtOAc (100 mL) and water (100 mU 
The organic phase was washed with a saturated Nad solution (50 mL, dned 
W6S04) and concentrated under reduced pressure to *^-»*" 
whfch was purified using rofary chromatography (Si0 2 , 0-5% M^H,CH2C12> 
to afford a Ugh' ,*»o„ solid (82 mg. 82%). HRMS Calcd for C 2 7H25C1N0 6 
(M + + H): 494.1370. Found: 494.1365. 



20 



25 



30 



Step 1 4-Hvdroxyphthalic acid (3.50 g, 19.2 mmol) and K 2 C0 3 (23.9 g, 173 
mmol) in acetone '(100 mL) and water (50 mL) were stirred at rt for 1, mm 
Benzyl bromide (20.6 mL, 173 mmol) was added and the mixture was heated 
under reflux for 3 d. Vacuum distillation (45-50 'C/U mm) removed residual 
benzyl alcohol and the distillation residue was purified by gradient flash 
chromatography (10-30% ethyl acetate:hexane> to give dibenzy 4 
benzyloxyphthalate (7.20 g, 83%) as a pale yellow oil. TLC Rf 0.65 (25 y 
acetate:hexane). 

BnO^^OOaH 

Step 2 The diester from step 1 (7.20 g. 15.5 mmo.) in THF ■ M0 and 
L1OH.H20 (200 g, 47.7 mmol) in water (60 mL) were rrux«l a, rt for 4 d The 
THF was removed in v*m and me basic layer was washed w.m dremyl ether 
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(twice). The solution was acidified to pH 3 with cone HC1 and the colorless 
precipitate was filtered and dried in vacuo to give 4-benzyloxyphthalic acid (3.1 
g, 73%) as a colorless solid. TLC Rf 0.15 (50% ethyl acetate:hexane). 




ii i ;nh 

BnCT 

5 O 

Step 3 Urea (1.32 g, 22 mmol) was added to the product of step 2 (3.00 g, 11.0 

mmol) in glacial acetic acid (40 mU and heated to 140 °C for 3.5 h. The 
solution was cooled to rt and slowly added to dilute sodium bicarbonate 
solution. The resulting precipitate was collected and dissolved in acetone, 
10 filtered and dried in vacuo to give 4-benzyloxyphthalimide (1.98 g, 71%) as an 
off-white solid. TLC Rf 0.90 (50 % ethyl acetate:hexane). 



( 



OD2lBU 

00 2 tBu 



Step 4 A suspension of NaH (1.69 g, 67.0 mmol) in dry THF (90 ml) was cooled 
15 to 0 °C and placed under argon. Di-ferf-butyl malonate (15.0 mL, 67.0 mmol) 
was added dropwise over 10 min, then stirred at rt for 20 min. 3,3- 
Dimethylallyl bromide (7.43 mL, 63.6 mmol) was added over 5 min and stirred 
at rt for 18 h. The reaction mixture was concentrated to a slurry, and 
partitioned between ethyl acetate and water. The water layer was washed with 
20 ethyl acetate, and the combined organic extracts were then washed with 10% 
HQ, brine, dried over MgSC>4, filtered, and concentrated to an orange oil (19.71 
g, >100% crude). The crude product was washed through a 15 cm plug of silica 
with 30% ethyl acetaterhexane and dried in vacuo to give a yellow oil (19.37 g, 
>100% ). TLC Rf 0.60 (20% ethyl acetaterhexane). 



OD 2 lBu 



25 



HO— 00 2 lBu 

Step 5 A solution of crude olefin from step 4 (17.4 g, 61.2 mmol) in 
dichloromethane (240 mL) and methanol (60 mL) was cooled to -78 °C and 
purged with 02(g) for 10 min. 03(g) was bubbled through the solution for 
30 about 90 min until a blue color remained. The solution was then purged with 
O2 for 10 min and argon for about 20 min until the solution was colorless 
again. NaBH4 (2.31 g, 61.2 mmol) was added in one portion and the mixture 
was stirred overnight, allowing to warm to rt. The mixture was concentrated, 
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rediluted in dichloromelhane, washed with water. 10% HC1 (twice). J-JJ 
dried ever MgS0 4 , M — concentrated to a colorless od (137! g. 86% 
crude). Purtflcadon o£ 4.00 g of crude materiel by grad,en fUsh 
chromatography (,5/15/70-25/25/50 ethyl acetate. dichlorome.ha„e:hex.ne) 
5 fave *W» M.ydroxyed.ylmalor.te (2.42 g, 52%) a, a coloriess od. TLC 
Rf 0.25 (25% ethyl acetate: hexane). 



10 



15 



20 



o 



0021BU 
^(X>2tBu 



Step 6 imide from step 3 (1.56 g, 6.15 mmol), dW-butyl 2- 
hydroxyethyl-lonate from step 5 (1.60 g, 6.15 mmol), and PPh 3 (Wl g, M5 
mmol) were dissolved in dry THF (100 mL) and treated dropwse vwth d^thyl 
azodicarboxylate (970 mL, 6.15 mmol). The solution was surred at rt under 
argon for 6 d, then adsorbed onto silica. Purification by flash chromatography 
(5/5/90-30/30/70 ethyl acetate:dichloromethane:hexane) gave recovered 
imide (1.03 g) and dMer.-butyl 2-(4-benzyloxyphth«^ (799 
mg, 26%). TLC Rf 0.75 (1:1:2 ethyl acetate:dichloromethane:hexane). 




OBn 



25 



Step 7 A solution of malonate from step 6 ( 2.33 g. 4.70 mmol) m THF (30 
mL ) was added dropw.se to a suspension of NaH (112 mg. 4./0 mmo,^ m THF 
(10 mL) under argon and stirred until a clear solution remamed (20 rrnn). a 
Bromo ketone from step 2 of Example 114 (2,8 g, 7.05 mmol) was added m 
one portion and stirred at rt for 2 d. The mixture was then concentr ated to a 
shJv and partitioned between dichloromethane and water The organic layer 
«hed with saturated NH4CI, water, and brine, d„ed over MgS0 4 
filtered, and adsorbed onto silica. Purification by flash ^ 
20 % ethyl acetate:hexane) gave the ^substituted ^t-bu yl 
mg, 21%) as a colorless solid, plus unreacted malonate (1.70 g). TLC Rf 
% ethyl acetate:hexane). 
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Step 8 Diester from step 7 (84 mg, 0.11 mmol) in dioxane (7 mL) was treated 
with 4M HC1 in dioxane (1.0 mL) and heated under reflux for 10 h. The 
mixture was then concentrated to an oil. Purification by flash 
5 chromatography (0-5% methanokdichloromethane) gave solid with trace 
impurities. Further purification by prep HPLC (8% ethyl acetate: 
dichloromethane/0.01% TFA) gave Example 405 (32 mg, 49%) as an off-white 
solid. MP 187-190° C. 



10 The above methods for the preparation of Example 405 was used to 

prepare the following series of biphenyl products (TABLE XXVI). The imides 
were prepared from the commercially available hydroxyphthalic acids. 



TABLE XXVI 



15 



Q R 6 a 

.OH 



example R6a isomer m,p.(°C) /other characterization 



405 V ^ S 187-190 



OBn 

O 

406 \ . R, S 79-81 



O 

407 \ ~ R, S 93-95 



(CH,), 



OBn 



The following examples (TABLE XXVII) were prepared from 
commercially available imides using the procedure for Example 405, steps 6-8. 
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TABLE X XVn 

0 R 6 * 



ex. (T)x 
408 a 



409 CI 



(TV 
R 6 a 



i somer m. P .(°C)/other c haracterization 
R,S 




410 a 



411 CI 



412 EtO 



413 a 



414a 



415* CI 



416 a 



417* CI 



418^ Q 



<a\M 



is 

O 

o 

o 

■ft* 



R, S 

R, S 

R, S 

R, S 

R, S 
R, S 
R, S 
R, S 
R, S 
R,S 



241-242 (dec) 

230 (dec) 
171-172 (dec) 
201-203 (dec) 

146-148 
187-189 (dec) 

190 (dec) 
175 (dec) 
153-157 
214-215 (dec) 
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a Imides for Examples 414-417 were prepared by the following method: /-Butyl 
phthalic anhydride (1.0 g, 4.9 mmol) and urea (0.60 g, 10 .0 mmol) were heated 
to 150 °C to give a melt for 3 h. After cooling to rt, the crude solid was 
titurated from water twice and filtered. The solid was dissolved in ethyl 
5 acetate and dried over sodium sulfate. Solvent removed in vacuo to give a 
colorless solid (0.83 g, 83%). TLC Rf 0.62 (25% EtOAc/75% Hexane). 
b The imide for Example 418 was prepared by the following method: A 
solution of 4-bromo-l,8-naphthalic anhydride (2.50 g, 9.02 mmol) in NH4OH 
(100 mL) was heated to reflux at 70 °C for 3 h. The solution was cooled to rt, 
10 causing a tan solid to precipitate. The solid was filtered, washing with water. 
The crude product was recrystallized from HNO3 (cone.) at reflux to give 4- 
bromo-l,8-naphthalimide (2.20 g, 89%) as near-colorless needles: TLC Rf 0.25 
(25% ethyl acetate:hexane). 



15 Example 419! 

MeO*^^ Br 

Step 1 A solution of KMn04 (7.25 g, 39.2 mmol) in water (100 mL) was added 
over 30 min through a dropping funnel to solution of 6-bromoveratraldehyde 
(6.00 g, 24.5 mmol) in dioxane (150 mL) preheated to 70 °C After the addition 

20 was complete, the mixture was heated to 85 °C for 40 min, then treated with 15 
mL of 1M NaOH. The resulting suspension was filtered hot through a Celite 
pad, washing with 3. portions of hot water. Upon cooling to rt, unreacted 
starting material precipitated in the filtrate as a colorless solid. The 
suspension was refrigerated for 16 h and filtered to remove precipitate. The 

25 filtrate was acidified to pH 2 with 4M HC1, causing off-white solid to 
precipitate. The mixture was extracted twice with dichloromethane. The 
organic layer was then washed with brine, dried over Na2S04, filtered and 
concentrated to an off-white solid (4.59 g, 72%). TLC Rf 0.40 (15% methanol: 
dichloromethane). 

MeO^^^^. 00 2 Me 

30 MeO Br 

Step 2 A solution of K2CO3 (9.32 g, 67.5 mmol) in water (25 mL) was added to 

a suspension of acid from step 1 (4.40 g, 16.9 mmol) in acetone (50 mL) and 
stirred for 30 min. Iodomethane (4.20 mL, 67.5 mmol) was added, and the 
biphasic mixture was stirred vigorously and heated at 75 °C for 16 h. 
35 Additional iodomethane (4.00 mL, 64.3 mmol) was added and heated for 4 h. 
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The mixture was cooled to rt, concentrated in vacuo to a light yellow slurry, 
Z phoned between «hyl acetate and water. The water layer w^washed 
with ethyl acetate, and the combined organic extracts were then washed wflh 
Trine'dLl over Na 2 S04, Altered and concentrated to an paie yeUow sohd 
5 (4.89 g, >100% crude). This wasused without purification. 

Step 3 An oven-dried. 3-necked round-bottomed flask was fitted ^ with a 
Zum. a condenser sealed with a septum, and a three-way stopcock. 
Zn step 2 (4.80 g, 17.4 mmol, was dissolved 
10 were added in the following order. EtaN (7.30 mL, 52.3 mmol), Pd(OAc)2 (392 
Z 1« l>bis<di P heny.phosphino,propane (DPPP) (720 mg .« 

il), and dry methane. (10.6 mL, 262 mmol). Carbon monoxide £. wa^ 
then bubbled through the reachon mixture for 6 mm and men the flask was 
helted to 65-70 -C under CO atmosphere for 1 h. The balloon was remind 

,5 CO was bubbled into the mixture for 5 d. The reaction was sull incomple e 
The mixture was poured into ethyl ac«ate (300 mL), then washed -,h 10% 
HC1 Zee), water brine, dried over Na 2 S0 4 , filtered and concentrated to a 
g" oil. Purification by flash chromatography <30% ethyl 
gave starting material (1.09 g, 23%) and dimethyl 4,5-dime.hoxyph.hda.e (2.98 

20 g ™ as a near colorless solid. TLC R, 0.38 (40% emyl acetateihexane). 

HO'^^00 2 Me 

Step 4 A solution of diester from step 3 (1-95 g, 7.64 mmol) in 20 mL 

P L ^ to 76 °C in a round-bottomed flask fitted with an 

dichloromethane was cooled to -76 C in a rounu 

25 air condenser. A 1.0M BBr 3 solution in dichloromethane (30.6 mL) wa added 
dropwise over 10 min, and then stirred for 20 h, allowing to wann c ^ambien 
temperature. The mixture was poured into 200 mL ice water and then 



194 



WO 96/15096 



PCT/US95/14002 




OD 2 Me 



00 2 Me 



Step 5 To a solution of catechol from step 4 (1,72 g, 7.60 mmol) in DMF (6 mL) 
was added CsF (5.78 g, 38.0 mmol) to form a green suspension. After cooling 
5 to rt, dichloromethane (0.54 mL, 8.36 mmol) was added and then the mixture 
was heated to 110-115 °C for 90 min. The reaction had not gone to completion; 
additional dichloromethane (2 mL) was added and heating continued for 1 h. 
The reaction mixture was partitioned between diethyl ether and water. The 
aqueous layer was washed with ether (twice) and the combined organic layers 
10 were washed with water (twice), brine, dried over MgSC>4, filtered and 
concentrated to give dimethyl 4,5-methylenedioxyphthalate (1.39 g, 77%) as an 
orange oil that solidified upon standing. TLC Rf 0.75 (50% ethyl 

acetateihexane). 



Step 6 A solution of LiOH*H20 (3.00 g, 71.5 mmol) in 15 mL water was added 
to diester from step 5 (1.38 g, 5.80 mmol) in THF (30 mL) and stirred overnight. 
The mixture was concentrated to remove THF and rediluted in water. The 
basic solution was washed with ethyl acetate, acidified to pH 3 with cone. HC1, 

20 and lyophilized to give an orange solid. The solid was dissolved in methanol, 
acidified again with cone. HC1, and filtered to remove salt. The filtrate was 
concentrated in vacuo . Crude weight (5.8 g) indicated that salt was still 
present, so the solid was dissolved in acetone and filtered three times. The 
solvent was removed in vacuo to give 4,5-methylenedioxyphthalic acid (2.38 

25 g, >100%) as a pale orange solid. TLC Rf 0.10 (15% methanol : 85% 

dichloromethane). 



Step 7 The diacid from step 6 (1.66 g, 5.90 mmol) was dissolved in glacial acetic 
30 acid (16 mL), and urea (712 mg, 11.8 mmol) was added in one portion. This 
was heated under reflux to 150 °C for 3 h. The acetic acid was removed in 
vacuo and the residue was suspended in water and the solid was filtered and 





o 
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dried i» «o. to give 4>me m ylenedioxv.ph.halimide (214 mg. 19%) as a un 
solid. TLC Rf 0.55 (50% ethyl acetate:hexane). 




Example 419 

Step 8 - Preparation of Example 419. Steps 6-8 from Example 405 were 
foLed.ocl P .e«me S ynme S isofExample419. MP 196-198 -C 



Example 420; 



10 



15 



20 




1 m Pri /r (40 me, 20% w/w) in dioxane (4 mL) was 
tuX^Tm"^ soLon o, dies.er from Examp,e « 
Lp 7 (200 mg, 8 mmol, in dioxane (7 mL) was added « W ™ 
uspension wasstirred a, r. for 3 d under H 2 atmosphere^ The muture « 
filtered through CeUte. washed with "hy. -tate and the d ate was 
a u aA „„ to silica Purification by flash chromatography (1.1.3 euw 

rSSSLL- gave i-—- ; 

(168 mg, 94%) as a colorless solid. TLC Rf 0.3U 
acetate:dichloromethane:hexane). 




Example 420 

Step 2 - Potion of Exampie 420. Example 420 was V^jT £ 
product of step 1 above according to the procedure of Example 405, step 8. MP 
25 211-215 (dec) °C. 
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Example 421 

Example *2i: 

Example 421 was prepared according to the procedure of Example 420. 
MP 201 (dec) °C. 



Example 422: 



a 




Step 1 A solution of the alcohol from Example 420, step 1 (94 mg, 0.15 mmol) 
10 in acetone (10 mL) was stirred with CS2CO3 (145 mg, 0.44 mmol) for 30 min, 
then treated with iodomethane (0.25 mL, 4.0 mmol). The mixture was heated 
to 40 °C for 10 min, at which time the mixture changed from bright yellow to 
colorless. The mixture was concentrated, then partitioned between ethyl 
acetate and water. The water layer was washed with ethyl acetate, and the 
15 combined organic extracts were washed with brine, dried over MgSOi. filtered 
and concentrated in vacuo to give the desired product (86 mg, 90^ ) as a pale 
yellow solid. TLC Rf 0.60 (40% ethyl acetate:hexane) 



a 




20 Example 422 

Step 2 - Preparation of Example 422. Example 422 was prepared from 
product of step 1 above according to the procedure of Example 405, step 8. 
63-67 °C. 
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10 



15 




M.0 

Example 423 

Fyample 423: 

Example 423 was prepared according to the procedure of Example 422. 
5 MP 186-190 °C. 

Fyample 424: 




Step 1 A solution of the alcohol from Example 420 (100 mg, 0.16 mmol) and 
triethylamine (65 uL, 0.47 mmol) were added to methylene chloride (10 mL) 
and cooled to 0 °C. 2-Thiophenecarbonyl chloride (33 uL, 0.32 mmol) was 
added and the mixture stirred 10 min. The solvent was removed in vacuo 
and the residue taken up in EtOAc, washed with water and dried over sodium 
sulfate. The solution was filtered and the solvent removed in vacuo to give a 
colorless powder (0.103 g, 90%). TLC Rf 0.90 (15% EtOAc / 85% Hexanes). 




Example 424 

Step 2 - Preparation of Example 424. Example 424 was prepared from the 
20 product of step 1 above according to the procedure of Example 405, step 8. MP 
181-182 °C. 



25' 
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Example 425: 




Step 1 A solution of alcohol from Example 420 (50 mg, 0.08 mmol) in 
pyridine (3 mL) was treated with acetic anhydride (15 mL, 0.16 mmol) and 
5 stirred at rt under argon for 3 d. Additional acetic anhydride was added (100 
mL, 1.07 mmol) and stirred at rt for 2 h. The reaction mixture was partitioned 
between water and dichloromethane, and the aqueous phase was washed 
twice with dichloromethane. The combined organic layers were washed 
successively with water, sat. CuSC>4, and brine, dried over MgS04/ filtered, and 
10 adsorbed onto silica. Purification by flash chromatography (40% ethyl 
acetate:hexane) gave the acetate (30 mg, 57%) as a colorless solid. TLC Rf 0.55 
(1:1:3 ethyl acetate: dichloromethane:hexane). 




Example 425 

Step 2 - Preparation of Example 425. Example 425 was prepared from the 
product of step 1 above according to the procedure of Example 405, step 8. MP 
176-178 °C. 



20 Example 426; 




Step 1 Sodium iodide (1.5 g, 10 mmol) was added to l-(2-bromoethanone)-4- 
(4-chlorophenyl)-benzene (Step 2 of Example 114, 3.09 g, 10 mmol) in DME (27 
mL) under Ar and the solution was stirred for 15 min. In a seperate flask, 
25 tetrahydro-2-oxo-3-furancarboxylic acid ethyl ester (2.1 g, 11 mmol) was added 
to NaOEt (0.75 g, 11 mmol) in DME (10 mL) and mixed for 15 min. This 
solution was added to the sodium iodide solution via cannula and the 
combined mixture stirred 18 h at rt. The solvent was removed in vacuo and 
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5 



the residue dissolved in methylene chloride (200 mU .hen washed I «A two 
W mL portions of ware, The methylene chloride solution was dned m. 
MgS0 4 filtered and me solvent removed in w. to g-ve a crude sohd. The 
resulting residue was recrystallized from emyl acetate/hexanes to grve me 
£y annate 0.2 g, 76%). TIC Rf 050 (40% EtOAc/60% Hexanes). 



10 



15 



20 



25 




Step 2 A suspension of ethoxy biphenyl lactone from step 1 (11.0 g, 28 mmol) 
„ g'acia. acetic* (180 mL, and cone. HC1 (90 mU was heaKd to , 
which time the starting material dissolved and evolutton of C0 2 was seen. 
After 4 h ttte reacdon was cooled to ft, and fire solvents removed ,, »» 
TsoUd residue was dissolved in EtOAc then washed repeated* wfth sat 
NaHC0 3 . The organic layer was then washed with brine and dned over 
N »S04 The solvL was removed in vacuo and the residue .crystalled 
from EtOAc/Hexane to give the lactone (7.8 g 88%) as fine tan needles. MP 



jo 



30 



129-130°. 

Example 426 

S „„ 3 - Preparation of Example 426. Sodium hydride (97* 0.027 g 3- 
was suspended in DMF (15 mL, and cooled to 0>C. Benzenethtol W «^ 
mmol) was added dropwise. and the evoluHon o( H, gas was no ed. Mm 
stirring 10 min. at O'C, the reaction was allowed to warm to rtThe lactone 
om step 2 (1.0 g, 3,8 mmol, was then added in portions . a nd^ rea«.o 
heated s!ow.y to 10O=C. The soludon became dark green m co lo n TLC a teSh 
Ihn „.d a new spot, and further heating did not result in any former 

Impdon Z L lactone. The reaction was cooled - 
with the additton of 10% HC1 (10 mL). The reactton was then dduted wtth 
Tat and extracted with EtOAc. The combined EtOAc layers were wash d 
".er rine, and dried over Na 2 S0 4 . The solvent was removed - 

and the residue -^^"^SMSE 
recrystallization from hot CHCl3/Hexane. rutrauu 
desired product (0.50 g, 37%) as tan needles. MP 179-181 °C 
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Example 427 



Example 427: 

Example 427 was prepared by the same method as Example 426 using 
the appropriate commercially available thiol in step 3. MP 138-140°C 



6 

Example 428 

Example 428; 

10 A solution of Example 426 {0.05 g, 0.11 mmol) in CH2CI2 (30 mL) was 

cooled to -78°C m-CPBA (0.036 g, 0.17 mmol based on 85% pure m-CPBA) was 
added in one portion and the reaction allowed to warm to -30°C The reaction 
was stirred 2 h at -30°C then the solvent was removed in vacuo. The residue 
was triturated in EtOAc, which dissolved the benzoic acid and remaining m- 

15 CPBA. The insoluble product was recovered by filtration, and dried in vacuo 
giving the desired product (0.03 g, 60%) as a white powder. MP 208 °C (dec). 




Example 429 

20 Example 429; 

To a round bottom flask equipped with a condenser was added 2,3- 
napthalene dicarboximide (1.0 g, 5.1 mmol) in absolute ethanol (150 mL). The 
mixture was gently refluxed (78 °C) until most of the solids were dissolved. 
The hot ethanol solution was decanted from any undissolved solids into an 

25 Erlenmeyer flask containing a prepared solution of potassium hydroxide (0.27 
g, 5.1 mL) in water (0.27 mL) and absolute ethanol (0.80 mL). A white 
precipitate formed instantly. The mixture was stirred and cooled quickly to rt. 
Vacuum filtration yielded potassium-2,3-napthalene dicarboximide (0.88 g, 
73%) as a white solid. The product was not analyzed directly used in the next 

30 step. To a round bottom flask equipped with a condenser was added 
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10 



15 



ootassium-23-napthalene dicarboximide (0.47 g, 2.0 mmol) in anhydrous DMF 
potassium z^napu Lactone from Example 

(1.0 mL). The solution was heated to reflux (150 vj. 

426 step 2 (0.34 g, 1.0 mmol) in anhydrous DMF (1.0 mL) was added. The 
I™ hied (150 -O for 18 h and then cooled to rt. The so Ivent was 
^oved in vacuo and the residue was partitioned between ethyl acetate 5 
mU and 1M HC1 (10 mL). The phases were separated and the organic phase 
mL) ana 1M nv-i ' r r Me S04) and me solvent was removed 

was washed with water (25 mL), dried (MgSU4> ana in naothalene 
in vacuo to afford a brown oil in which the excess pot ™™- 2 >»f™™ 
dicarboximide was recrystallized from hexane-ethyl acetate. The mother 
Uquo was concentrated to afford an orange solid which was punft d -a 
SE gel column using ,5* -hanol-methyl^ the eluent to 

afford Example 429 (13 mg, 3%) as a white solid: MP 193-194 C. 

Biological Protocols and in vitro Test Data 

P , . pgrti M Of ^tin i- sH* W ^ ■ ^ ^ vto|tt|y described procedures of 
MMP-9 was isolated modifying the previously aescrc y 

Hibbs et al (J. Biol. Chen,, 260, 2493-2500, 1984) and Wilhelm et ai 
C*!r^ 17213-17221, 1989). Briefly, polymorphonuclear leukocyte PMN> 
preparauons were isolated as described above from 3 or more unite of freshly 
drawn whole blood obtained from the New York Blood Center (N Y N.YJ. 
cTwe« resuspended in phosphate buffered saline (PBS) — g 100 
ng/ml phorbol myristate acetate (PMA) in the presence of 50 mM di 
ng/mi yuu 7 „_/ m i leuDeDtin and aprotmin, and 1 

™m v ol and the samples were frozen at -70 C. A" cnroma.u 6 F 
,300 x g) and the samp co „ ce „,rated Wold usmg an 

were performed at 4 C. Thawed samp conc entrate was 

Amicon chamber eqmpped wtth a Yl^lO c Q , ^ 

oressure dialvzed against 0.02M Tris-HCl, 0.1 M NaCl, 1 mM cau 2 n» 
, ESToSii Bri).35. 0.02% sodium azide ,NaN 3 ,, P H 7.5 and apphed » 
DEAEion exchange chromatography resm which ^ prevfo^ ^ 

fractions from the column with 0 .02M Tr s-HCL .5 M , 
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fractions with 0.02M Tris-HCl, 1 M NaCl, 1 mM CaCl2, 1 HM ZnCfc, 0.001% 
Brij-35, 0.02% NaN3, pH 7.5 containing 10% dimethyl sulfoxide (DMSO). The 
fractions containing gelatinase activity were pooled and dialyzed against 
0.005M Tris-HCl, 5mM NaCl, 0.5 mM CaCl2 , 0.1 uM ZnCl2, 0.001% Brij-35, pH 
5 7.4. The protein content associated with material was determined with a 
micro-BCA assay (Pierce, Rockford, IL), lyophilized and reconstituted to a 
desired working concentration (100 ug/ml). 

Thinpeptilide MMP-0 Inhibition Assav: 
10 Progelatinase (10 ug/ml) isolated from human PMNs (described above) 

was activated with 1 mM 4-aminophenylmercuric acetate (APMA) in 50 mM 
Tris-HCl, 200 mM NaCl, 5 mM CaCl2, 0.001% Brij-35, pH 7.6 at 37°C for 16 hr. 
The activated enzyme was dialyzed against the above buffer to remove 
APMA. The thiopeptolide spectrophotometric ( Weingarten, H., Feder, J., 
15 Anal. Biochem., 147, 437-440, 1985) substrate hydrolysis assay was modified to a 
micro-assay format. Spectrophotometric analysis of MMP-9 activity required a 
1000-fold dilution of activated MMP-9 (10 ng/ml, 0.14 nM) in assay buffer 
comprised of 50 mM 4-(2-hydroxyethyl)l-piperazine ethane sulfonic acid 
(HEPES), 0.15 M NaCl, 10 mM CaCl2, 0.001% Brij-35, pH 6.5 between 100 and 
20 1000-fold for enzyme assays. Reaction mixtures for inhibitor studies contained 
ImM Ac-Pro-Leu-Gly-5-Leu-Leu-Gly-o-ethyl thiopeptolide substrate dissolved 
in HEPES assay buffer pH 6.5, along with 0.5 mM S^'-dithio-bis-tnitrobenzoic 
acid), drug concentrations ranging from 0.5 nM to 5 uM and activated enzyme 
(10-100 ng) in a total volume of 130 ul. The hydrolysis of substrate was 
25 monitored at 405 nm using an automated plate reader (Molecular Devices, 
Menlo Park, CA). Enzyme mediated substrate hydrolysis was corrected for 
non-enzymatic hydrolysis of the substrate by the subtraction of values from 
control samples incubated in the absence of enzyme. Drug efficacy was 
reported as the percent inhibition of enzyme activity calculated as: 

(Control Values - Treated Values) / Control Values x 100 

Active compounds with a demonstrated 30% inhibition of enzyme activity or 
greater were tested further at varying concentrations (0.5 nM - 5 uM) and 
linear regression analysis of percent inhibition versus log drug concentration 
was used to obtain IC50 values. Two way analysis of variance was used to 
determine significance between individual test groups. 
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?W Tm \ m a n d P^fwinn of Rerombinant Truncate Prostrgmrlysin (MMF- 

W Truncated Prostromelysin-257 was expressed in a soluble form in E.coli 
as described by Marcy et al., Biochemistry, 3JL 6476-6483, 1991. Soluble 
5 truncated prostromelysin was purified by a modification of the monoclonal 
antibody affinity chromatography method described by Housley et al., J. Biol. 
Chem., 268, 4481-87, 1993. 

Primary ThiopopHHde MM P-3 Inhibition Assay; 

10 Enzyme: recombinant stromelysin expressed in E.coli and purified as 

described above. Truncated stromelysin was heat activated as described by 
Kokalitis et al., Biochem. J., 276, 217-221, 1991. The protocols for the assay of 
compounds as stromelysin inhibitors was the same as that used for MMP-9 
except that the assay buffer was 50mM MES, pH 6.5 containing 150mM NaCl, 

15 lOmM CaC12, .005% Brij, and 1% DMSO. The enzyme concentration was 
13nM stromelysin. The substrate concentration was 658 micromolar (uM) and 
our drug concentrations were the same as with the MMP-9 assay. 

S^r^ar y P21fi Oue n rhori fluores^r.™ Assay for MMP-3 Inhibition; 

20 This assay was originally described by Knight et al., FEBS Letters, 296, 

263-266, 1992, for a related substrate. The assay is run continuously in a 3.0ml 
cuvette using a Perkin-Elmer LS 50 B Spectrofluorimeter at 25 °C in a final 
volume of 2.0mls. P218 substrate (lOmM) in 100% DMSO is diluted to a final 
concentration of 2.0 micromolar (uM) into assay buffer: 50mM MES, pH 6.5 

25 containing 150mM NaCl, 10mM CaC12, 0.005% Brij-35, and l%(v/v) DMSO. 
Test compounds(lOmM) in DMSO are diluted in assay buffer at an initial 
concentration of 10 to 100 micromolar. These are diluted to a final 
concentration in the assay from 10 nM to 1 uM depending upon their potency 
previously determined in primary thiopeptilide assay described above. The 

30 reaction is initiated by the addition of recombinant stromelysin (MMP-3) at a 
final concentration of 1.0 nM. Upon peptide cleavage, the fluorescent MCA 
group was detected using an excitation wavelength of 328 nanometers and an 
emission wavelength of 393 nanometers. The assay is linear from 0.2 to 5nM 
MMP-3 concentration and percent inhibition is calculated as described above 

35 for the primary thiopeptilide assay and IC 5 0 values are determined by a linear 
regression analysis of percent inhibition versus log drug concentration. The 
peptide sequence of the MCA substrate, hereinafter designated P218, is shown 
below: 
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MCA-ProLys-Pro-L€u-Ala-Leu-DPA-Ala-Arg-NH2 

P218 

For MMP-3, this substrate has a K m of 16 \*M at pH 6.5 and a kcat/K m value 
of 56,000M-lse<rl. 

5 

Secondary P218 Quenched fluorescence Assay for MMP-2 Inhibition: 

Gelatinase A (MMP-2) was prepared using a vaccinia expression system 
according to the method of R. Fridman, et al., /. Biol Chem.,2£L 15398 (1992). 
Inhibition assays with MMP-2 were carried out as described for MMP-3 above 
10 using 0.2nM final enzyme concentration and the P218 substrate. MMP-2 has a 
turnover number of 400,000 in this assay. Initial velocities (nM/sec.) never 
exceeded 5% of the total substrate in these experiments. 

Biarvl Matrix Metalloprotease Inhibitors 

15 

ASSAY Data for Certain of the Invention and Reference compounds: 

AH IC50 values are expressed as nM. When "I = x %" is shown, x 
represents the % inhibition at 5 \iM. When "x (n)" is shown, x is the average 
20 IC50 value of n separate determinations. 



Ex. # 


MMP-3 
Thiopep. 
IC50 


MMP-3 
Fluorogenic 
IC50 


MMP-9: 
Thiopep. 
IC50 


MMP-2 
Fluorogenic 
IC50 


fenbufen 




Inactive 


1 = 2% 


1,000 


1 


486(7) 


805 (2) 


1,000 




2 


270 




2,200 




3 


I = 13 % 




1=0% 1 


4 


379 


480 


2,700 




5 


1=11% 




I =19% 




6 


2,100 




I =38% 




7 


690 




2,100 




8 


I = 26 % 




1=0% 




9 


I =0% 




1=3% 




10 


1=1% 




1=0% 




11 


I = 14 % 




1=0% 




12 


I =17% 




I =0% 




13 


I =27% 




1=3% 




14 


440 J 


570 


uoo 




15 


2,000 




I =0% 




16 


620 




3,100 




17 


I =35% 




1=0% 




18 I = 0.3 % 




I =9% 
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64 


300 




I = 29 % 




65 


840 




I =47% 




66 


I =7% 




1=11% 




67 


150 




780 




68 


280 




300 




73 


220 




600 




74 


2^00 




I =38% 




75 


78 




82(2) 




76 


1,000 




1300 




77 


1 = 24% 




1 = 7% 




78 


310 




1,200 




79 


I = 12 % 




1=9% 




80 


L 470 




800 




81 


1 = 30% 




I = 12 % 




82 


1 = 23 % 




1=9% 




83 


720 




1,400 




84 


150 




100(2) 




85 


37 




I =44 % (3) 




88 


168(4) 




I = 30 % 




89 


111 (4) 




480 




90 


I = 36 % 




I = 11 % 




91 


174 




700 




92 


1 = 60% 




1 = 26% 




114 


244(11) 


120 (3) 


285(2) | 25(2) 


115 


I =39% 




I = 31 % | 


116 


145 (4) 


80(2) 


190 28(2) 


117 


590 




3,800 


118 


440 




2,200 


119 ; 760 


! 


1,800 


120 : 380 




I =60 7, 


121 | 1,000 




I =45% 


122 


403 (2) 




1 


123 


I = 43 % 








124 


180(2) 




1 = 28% 




125 


105 (2) 




1,800 




126 


600(2) 








130 


230 


1,200 


2,900 




131 


310 (2) 




900 




132 


112(4) 




2,600 (2) 




133 


640 




10,000 




. 135 


2,800 (2) 




2,800 




136 


1,600 




I = 50 % (2) 




142 


310 (2) 








178 


150 




240 




179 


160(2) 




200 
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77 s 


310 




550 




226 


720 




255(2) 




227 


220 




360(2) 




228 


360 




800 




229 


300 




900 




230 


250 




550 




231 


280 




820 




232 


150 




200(2) 




233 


339 (2) 




4^00 




234 


144(2) 




600 




235 


1,600 








236 


2,000 








237 


2,000 








238 


920 








239 


490 




I = 53 % 




240 


96(2) 




300 (2) 




241 


195 (2) 




340(2) 




242 


490 




1,300 




243 


360 




850 




244 


79(4) 


27(1) 


600 


7(1) 


245 


I = 55 % 








246 


1 = 14% 








247 


I = 17 % 








248 


830 








249 


1,600 








250 


125(2) 




800 






251 


640(3) 




7300 




252 ! 


293 (3) 




2,900 




253 j 


1=0% 




I = 21 % 




254 


I = 10 % 




I =27% 




255 


950 




2,000 




256 


600 




3,000 




257 


800 




2,100 




258 


820 




2,100 




259 


2,600 




I =37% 




260 


520 




I = 16 % 




261 


900 




I =20 % 






yo \2) 




76(2) 




263 


I = 33 % 




I = 21 % 




264 


1 = 48% 




I = 31 % 




265 


2,900 




I = 42 % 




266 


250 




650 




267 


38(3) 




1.8 (2) 




282 


I =2% 




I =0% 




283 


2,400 




7,000 
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343 


500 




680 




344 


I = 11 % 




1 = 14% 




345 


5,000 




I = 30 % 




346 


6,000 




1 = 34% 




347 


I = 12 % 




1 = 0% 




348 


1=31 % 




1 = 36% 




349 


550 




330 




350 


1 = 4% 




I = 20 % 





Aiitamated MMP Profiling Assay 

This assay was run with a protocol analogous to that reported for MMP- 
5 3 inhibition using the synthetic peptide P218 and each of the three enzymes 
and measuring quenched fluorescence. This assay with each invention 
compound was run with the three enzymes MMP-3, MMP-9 and MMP-2 in 
parallel as adapted for a 96-well microtitre plate using a Hamilton AT ® 
workstation. 

0 

Profiling Assay Data for Certain Compounds of the Invention 

AH IC50 values are expressed as nM. When "I = x %" is shown, x 
represents the % inhibition at 5 





MMP-3 


MMP-9: 


MMP-2 


Ex. # 


Fluorogenic 


Fluorogenic 


Fluorogenic 




IC50 


IC» 


IC50 


69 


1 = 0% 


1 1 = 0 % 


1 = 0% 


70 


1 = 44% 


1 = 7% 


1,750 


71 


1,160 


I = 24 % 


969 1 


72 


409 


I = 22% 


90 


85 


80 


767 


32 


86 


51 


442 


12.5 


87 


1 = 8% 


1 = 0% 


I = 40 % 


93 


129 


>1,250 


36 


94 


224 


1,850 


155 


95 


79 


77 


26 


96 


232 


> 1,250 


72 


97 


153 


229 


48 


98 


537 


> 1,250 


492 


99 


36 


835 


26 


100 


17 


3,220 


14 


101 


I = 45 % 


1 = 10% 


3,320 


102 


78 


698 


25 


103 


57 


I = 28 % 


30 
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104 


125 1 


[ = 18 % < 


&3 Zj 


105 


33 


[ = 37 % 


14 j 


106 


57 


522 


43 J 


107 


32 1 


1 = 34% 


16 A 


108 


1 = 8% 


1 = 4% 


1 = 16% j 


109 


28 


1,290 


6.6 ! 


110 


37 


I = 26 % 


38 ~J 


111 


18 


4,730 


3-9 " 1 


112 


30 


884 


ii ~~n 


113 


28 


1.330 


44 J 


114 


246 


439 


68 j 


115 


> 1/250 


> 1,250 


1/750 


116 


137 


185 


38 


127 


605 


1,220 


40 ~~~ZJ 


128 


561 


715 


145 ! 


129 


237 


771 


89 ~J 


134 


304 J 


358 


63 ji 


137 


>1,250 


1,400 


548 1 


138 


905 


1 = 0% 


665 _n 


139 


5,000 


5,000 


323 ~n 


140 


1,030 


>1,250 


242 


141 


< 5,000 


1 = 0% 


1/170 


143 


309 


1/400 ~Z3 


111 _ 


144 


15 


29 


3-4 \ 


145 


7.5 


19 


2.1 1 


146 


2,400 


2,710 


538 ~ | 


147 


266 


676 


73 


148 


90 


454 


54 


149 


109 


512 


140 


150 


371 


957 


201 


151 


371 


607 


70 


152 


367 


597 


210 ~Z\ 


153 


594 


1,010 


127 ZJ 


154 


470 


875 


37 _J 


155 


777 


>1,250 


50 ! 


156 


126 


145 


21 1 


157 


111 


142 


35 


158 


37 


>DUU 


32 ! 


159 


116 


>1,250 


42 


160 


147 


1,060 


42 


161 


46 


1,560 


" 38 


162 


181 


1 = 8% 


22 


163 


64 


I = 18 % 


17 


164 


30 


82 


3.9 


165 


13 


55 


3.0 



212 



WO 96/15096 



PCT/US95/14002 



166 


103 


381 


35 


167 


1 = 18% 


1 = 23% 


I = 31 % 


168 


49 


163 


15 


169 


245 


1,080 


80 


170 


296 


1,800 


103 


171 


663 


3,520 


452 


172 


456 


1,930 


175 


173 


119 


814 


104 


174 


144 


522 


56 


175 


1 = 28% 


1 = 6% 


5,000 


176 


I = 26 % 


1 = 24% 


2,000 


177 


1 = 11% 


I = 30 % 


4330 


1% 


381 


955 


37 


197 


205 


504 


22 


267 


15 


3.0 


2.6 


268 


5.73 


1.15 


0.91 


269 


1,030 


197 


165 


270 


6.0 


1.6 


1.4 


271 


5.2 


7.9 


1.4 


272 


9.20 


10.8 


2.28 


273 


21 


1.25 


2.27 


276 


262 


275 


39 


279 


402 


286 


67 


280 


146 


66 


29 


294 


58 


176 


11 


296 


44 


111 


6.4 


297 


5,750 


2370 


2,070 


299 


58 


531 


52 


300 


>1,250 


>1,250 


2300 


301 


30 


290 


18 


312 


80 


871 


60 


313 


3330 


I = 20 % 


2,780 


314 


399 


555 


13 


317 


75 


808 


37 


318 








319 


30 


197 


4.1 


320 


1 = 6% 


1=6% 


I = 24 % 


321 








322 








324 


46 


343 


8.1 


325 


I = 10 % 


1 = 0% 


4,400 


351 


107 


151 


50 


352 


130 


905 


61 


353 


84 


274 


20 


354 


577 


1,710 


76 J 
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1 355 
356 
357 



508 

I = 45 % 
1=15% 



1,080 
I = 14 % 
1 = 4% 



[90 
188 

1 = 38% 
124 



358 



359 



360 



I = 39 % 



83 



5.46 



1 = 4% 
I = 16 % 



0.93 



51 



1.46 



361 
362 
363 



3.00 
431 
5,000 



0.50 



100 



1 = 37' 



0.81 



183 



< 5,000 
40 



364 



365 



366 



46 



27 



22 



180 



58 



56 



13 
6.7 



367 
, 368 
369 
370 
371 



372 



44 
36 
54 
24 



10 



39 



38 



30 



139 



26 



26 



65 



37 
31 



37 



8.7 



9.1 
22 



373 



56 



113 



24 
34 



374 



375 



376 



377 
378 
379 



54 



116 



46 



24 
77 



63 



271 



146 



95 



44 



83 



48 



68 



34 



28 



43 



92 



380 



381 



46 



46 



40 



97 



f69 
44 



382 
383 
384 
385 
386 
387 
388 



42 
58 
129 



4.22 



8.34 



9.4 



105 



39 



53 



167 



1.12 



0.97 



2.0 



467 



64 



110 
78 



4.26 
11.7 



4.9 
30 



389 



390 



391 
392 



15 



10 



19 
2.5 



23 
1.2 



4.2 



I = 18 % 



1 = 38% 



6.3 



15 

J4 

2,000 



1 = 26% 



1 = 15% 



2,000 
560 



395 



2200 



1 = 44 



396 
397 
398 
399 



779 
3200 



2290 
1 = 40% 



F362 
750 
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400 








401 








402 








403 


17 


5.7 


6.4 


404 








405 


75 


5.8 


80 


406 


103 


1.7 


17 


407 


69 


36 


39 


408 








409 


12.3 


1.9 


30 


410 


104 


44 


80 


411 


116 


213 


27 


412 


84 


41 


10 


413 


39 


109 


10 


414 


37 


15 


79 


415 


12 


1.2 


34 


416 


9.5 


2.5 


23 


417 


32 


12 


3.7 


418 


305 


89 


420 


419 


6.7 


0.85 


31 


420 


14 


1.7 


5.1 


421 


12 


1.7 


0.75 


422 


84 


1.6 


14 


423 


19 


6 1 


15 


424 








425 


3.8 


1.2 


14 


426 


161 


417 


35 


427 


189 


362 


42 


428 


15 1 


119 


16 


429 


23 


1.6 


23 ! 


430 


I = 28 % 


I = 37 % 


419 


431 


38 


50 


16 


432 


1,600 


>1,250 


236 


433 


103 


130 


6.2 


434 


254 


1,140 


61 


435 


39 


107 


8.1 


436 


158 


519 


286 


437 


50 


366 


15 


438 








439 


1 = 0% 


1 = 3% 


I = 24 % j 


440 


58 


380 


43 


441 


38 


149 


27 


442 


2,760 


1 = 40% 


962 


443 


I m 20 % 


I = 16 % 


4,610 


444 


< 5,000 


< 5,000 


43 
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It should be noted in .he above tables that a biaryl pomon is ~y 
(or significant MMP inhibitory activity - see, for example, btpheny. exampte , 
in comparison to reference phenyl e,«mple 27 or biphenyl example 200 m 
T^son ,o reference phenyl examp.e 253. ., is aiso noted tha, re eren« 
phenoxyphenyl example 254 is only of very low potency. I. s also 
demonsled that, while a 4- substituen. on ring A is no. essenttaita 
potency, i. does lead .o significant improved potency ■ see low potency 
SUd examples ,3 and ,35 in comparison to cWonn, , — *d 
examples 1 and 114. It is also clear that increased size of substttuen. R on 
^Ztl leads .„ inoeased acuvity - see unsubsututed examp.e 6 compared .0 
Lthyl substituted example 25 compared .o ethyl subsututed example 117 
TO, s also shown in a comparison o, example 293 in whtch E represent 
cyclopropane ring in comparison » much more achve exampl W ' 
cyclobuL ring. Only minor activity, a. bes., ,s observed when .he 
compound is neither substituted on biphenyl nor on portion E such as tn 
reference compound Fenbufen (first entry of the table). 

m f .:»™ n f T. imnr MttMteta <« Mnrinf Modds 



10 



15 



20 



25 



30 



35 



The B16.no Melanoma Experimental Metastasts Model. 

Six to eight week old male BDF1 mice were injected tn the ta.l vem 
with i x ,06 B,6.F,0 melanoma cells. Animals were dosed with compound 
^pe ri.la.ly a. -24 hrs, -3 hrs, + 24 hrs and + 48 hrs relative to the ..me o 
eU Z Cion. Invention compounds were administered as a suspension in 
PEcTou tweenSO (95:5 w/w, diluted to 4 mg/ml in phosphate 
Vehide alone was administered to the control group in the same manner. On 
I t r— were euthanized and the number of lung meta, Uses w 
determined. Using the invention compounds of e^ple 86, HfcM . » ° 
299 .he number of metastases was decreased between 38% and 49% 

^ta'^r^rmr'animals were inocuUted and dosed as in the 
experimen.Xve. Compounds were adroinistere d oral* * a = on in 
the PEC400/«ween80 vehide a, 40 mg/kg. The number of long 

■ ^ ™ H„v 21 The results are shown In Figure ,. The numoer o 
d ;r™s dL«ed" adve . the number observed in .he zero control 
and vehicle treated groups. 
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The B16.F10 Melanoma Spontaneous Metastasis Model 

Six to eight week old male BDF1 mice were inoculated inter-digitally in 
the right hind foot with 1 x 10 6 B16.F10 murine melanoma cells. On day 21 
after inoculation the primary tumor mass was removed. The animals were 
5 dosed lx daily with invention compounds beginning on day 23 after cell 
inoculation. Compounds were administered orally as a suspension of 10 
mg/kg in PBS /PEG 400/tween 80. The animals were euthanized and the 
number of lung nodules determined on day 77. The results are shown in 
Figure 2. The number of spontaneous metastases was reduced between 45% 
10 and 63% as compared to the vehicle control. 

Inhibition of Malignant Ascites in the Human Ovarian Carcinoma SKOV-3 
Xenograph Model 

15 - Intraperitoneal SKOV-3 Tumor Growth - Treatment with Invention 
Compounds 

Six to eight week old female Balb/c nu/nu mice were inoculated with 2 
x 105 SKOV-3 human ovarian carcinoma cells intraperitoneally. Animals 
were dosed with invention compounds lx daily from day 3 after inoculation 
20 until day 21. Compounds were administered as an oral suspension in the 
PEG /t ween vehicle. The animals were monitored daily; the endpoint of the 
study is survival. The results are ahown in Figure 3. The animals treated 
with the invention compounds showed a 3.8 - fold increase in survival 
compared to the vehicle control group. 

25 

- Intraperitoneal SKOV-3 Tumor Growth - Treatment with Invention 

Compounds in Combination with Cisplatin 

Six to eight week old female Balb/c nu/nu mice were injected 

intraperitoneally with 1 x 10 6 SKOV-3 human ovarian carcinoma cells. 
30 Animals were treated once with 50mg/m 2 Cisplatin on day 7 after 

inoculation. Invention compounds were administered at 20 mg/kg orally lx 

daily from day 9 until death of the animal. The animals were monitored 

daily, and upon death tumor burden was determined and tissues were 

collected for histological examination. 
35 At 20 mg/kg doses the invention compounds in combination with 

cisplatin increased the survival time >4.6 fold. 
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, n , i|inn ^ 1rti , T . ■ in a nuinn Pit Mtidel of omarthrit i s 
^teLrTus was surgically induced ta the guinea pig left sttfte by 
partial medial menisectomy according to a procedure reported by AM. 
Bendele, "Progressive chronic osteoarthritis in femorotrbtal jomts of partral 

5 guinea pigs." V*. *™» « 

the invention compounds ware dissolved at 15 mg/ml m a veh.de of 
lOmg/ml Tween 80, 190mg/ml PEG and 0.44mg/ml ethanolamme. Tins 
Zw. was dieted W with wa te r before dosing (fin- concentr abo , 7.5 
mg/ml). On the 5th day before surgery, each animal recetved etther a test 

10 compound plus vehicle or vehide only administered by orai gavage each day 
" !5 mg/kg P B mi/Kg) up to surgery and men for four weeks post sucger, M«l 
33 days of dosing). At the beginning of dosing and twee weekly mereaf.er*e 
animals were weighed and the dose of me 

were calculated and adjusted if necessary. At the condusron of the study the 
15 animals were euthanized by C02 asphyxiation and their stifles removed 

partially dissected and placed in ,0% neutral buffered formahn. The extern* 
Lion levelopmen. on the femoral head was measured by compuler assrsted 

surface area analysis. . , . 

Selected examples of the invention compounds caused mrumnon of the 
20 lesion surface area in operated joints of those animals receiving compound as 
compared to those receiving vehicle only as follows: 



Example # 



86 

100 

116 

145 

197 

268 

296 



% Inhibition of 
Fpm oral Lesion Surface 
0 
3^8 
_0_ 
46.4 
18" 
53 
31 
28 



Area 



Mean value of several separate experiments. 
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TABLE XXVHI 

EXAMPLE 
COMPOUND 

NUMBER: Chemical Abstracts (CA) Index Name 

5 1: [l,l-Biphenyl]-4-butanoic acid, 4 , -chloro-a-(2-methylpropyl)-y-oxo- 

2: [l^'-BiphenylJ-^butanoic acid, 4-chIoro-a-(2-methylpropyl)-Y-oxo- / (S)- 

3: [l,r-Biphenyl]-4-butanoic acid, 4-chloro-a-(2-methylpropyl)-Y-oxo-, (R)- 

4: [l,l'-Biphenyl]-4-butanoic acid, 4 , -chloro-p-(2-methylpropyl)-Y-oxo-, (Sh 

5: [l,l-Biphenyl]-4-butanoic acid, 4 , -chloro-P-(2-methylpropyl)-Y-oxc>-, (R)- 

10 6: [l,r-BiphenylJ-4-butanoic acid, 4'-chIoro-Y-oxo- 

7: [l,r-Biphenyl]-4-butanoic acid, 4 , -bromo-y-oxo- 

8: [l,r-Biphenyl]-4-butanoic acid, 4-fluoro-y-oxo- 

9: [l,r-Biphenyl]-4-butanoic acid, 2-fluoro-y-oxo- 

10: [l,l'-Biphenyl]-4-butanoic acid, 2-chloro-y-oxo- 

15 11: [l,r-Biphenyl]-4-butanoic acid, 2 , ,4'-difluoro-y-oxo- 

12: [l,l'-Biphenyl]-4-butanoic acid, S'-chloro-y-oxo- 

13: [l,r-Biphenyl]-4-butanoic acid, a-(2-methylpropyl)-y-ox<> 

14: [l,l'-Biphenyl]-4-butanoic acid, 4*-bromo-a-(2-methylpropyl)-y-oxo- 

15: [l,r-Biphenyl]-4-butanoic acid, 4'-fluoro-a-(2-methylpropyl)-y-oxo- 

20 16: [l,r-Biphenyl]-4-butanoic acid, 4 , ^thyl-a-(2-methylpropyl)-y-oxo- 

17: [l,r-Biphenyl]-4-butanoic acid, 2'-fluoro-a-(2-methylpropyl)-yK>xo- 

18: [l,r-Biphenyl]-4-butanoic acid, 2'-cMoro-a-(2-methylpropyl)-Y-oxo- 

19: [l,r-Biphenyl]-4-butanoic acid, 4*-methoxy-a-(2-methylpropyl)-y-oxo- 

20: (l,l'-Biphenyl]-4-butanoic acid, 2\4'-difluoro-a-(2-methylpropyl)-y-oxo- 

25 21: [l,r-Biphenyl]-4-butanoic acid, 4'-methyl-a-(2-methylpropyl)-y-oxo- 

22: [l,r-Biphenyl]-4-butanoic acid, a-(2-methylpropyl)-y-oxo-4'-pentyl- 

23: [l,r-Biphenyl]-4-butanoic acid, 4 , -chloro-a-methylene-y-oxo- 

24: [l,r-Biphenyl]-4-butanoic acid, 2'-chloro-a-methylene-y-oxo- 

25: [l,r-Biphenyl]-4-butanoic acid, 4-chloro-a-methyl-y-oxo- 

30 26: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-y-oxo-a-pentyl- 

27: Benzenebutanoic acid, 4-cMoro-a-(2-methylpropyl)-y-oxo- 

28: Benzenebutanoic acid, 4-methyl-a-methylene-y-oxo 

29: 2-Butenoic acid, 4-(4 , <hloro[l,l , -biphenyl]-4-yl)-4-oxo-, (Eh 

30: 2-Butenoic acid, 4-[4-(4-chlorophenoxy)phenyl]-4-oxo-, (Eh 

35 31: [l,r-Biphenyl]-4-butanoic acid, 4-hydroxy-a-(2-methylpropyl)-Y-oxo- 

32: [l,l'-Biphenyl]-4-butanoic acid, 4-chloro-ji-methylene-y-oxo- 

33: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-y-hydroxy-a-(2-methylpropyl)- 

34: [l,r-BiphenylJ-4-butanoic acid, 4-chloro-y-hydroxy-a-(2-methylpropyl)- 
35: 2(3H)-Furanone, 5-(4 , -chloro[l,l , -biphenyl]-4-yl)dihydro3-(2- 
40 methylpropyl)- 

36: 2(3H)-Furanone, 5-(4 , -chloro[l,r-biphenyl]-4-yl)dihydro-3-(2. 
methylpropyl)- 
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37: Ethanone, l-(4'-chloro[l,r-biphenyl]-4-yl)- methvlene _ 

38- 11 V-Biphenyll-4-butanoic acid, 4 '-chloro-Y-hydroxy-a-methylene- 

39- fi'r-Biphenyll-^butanoicacid^'-nuoro-rhydroxy- 

S V-B phJlUbutanoic acid, 4Modo-roxo.a-(3-phenylpropyl)- 
s t I'-B SUbutanoic acid, 4'.iodoHX.(2.methylprop y l)-^xo- 

43: 

l0 44- t^^yl^^oic acid, 4--(3-ethoxy-3-oxopropyl)-a.(3- 

45- acid, 4^boxyethyl>a-(«^ 

t iiir-BiphenylH-butanoic acid 4-c^ 
47: [l,l'-Biphenyl]-4-butanoic aad, 4 -llU.i- 

15 dimethylethoxy^ 

48: [l,r-Biphenyl]-4-butanoic acid, 4-(l,l-dimethylethyl)-Y0xcHX-(3- 

phenylpropyl)- 
io. fi T-Binhenvll-4-butanoic aad,4-iuu,i- 

49 ' a^ihoxy^^^ 
20 50: [l,r-Biphenyll-4-baw.oicadd,4McyanomethylVroxo*<3- 

51: fSpSl-4-bulanoic acid, 4'-(melhyllWo)-roxo-a-(3- 

52- fSpZyH-4-butanoic acid. 4 -(2<hloroathoxyHwxo-o-(3- 

54- f "nylUunoic acid, 

30 5 , KZyiUunoic add. 4«-^^pheny,p r opy»- 
£ a V-B^ylH-— acid. 4-cyan^xc*. 
57: 1,,1-BiphenylH-bu^oic add, roxo-a-(3-phenylpropyl)-4 -(IH-tetta^ol 

58- UMiphenyll-1-bu.anoic add, 4'-a,nino-roxo-«-<3-pheny.propyl)- 

• r^SU«noic add, .-(dta.a.y^o^.O- 

„. ^SLic add. MMW^-*"^ 
40 a u7-BlphenyU-4.bu«anoic add, roxo^phe^lpropylH - 

S WwUbu-ancic add, M -diddor.H.^y.propy.)^ 
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65: [l,r-Biphenyl]-4-butanoic acid, S^'-didiloro-Y-oxcKx-O-phenylpropyl)- 

66: [l,r-Biphenyl]-4-butanoic acid, S'^'-dichloro-T-oxo-a-O-phenylpropyl)- 

67: [l,l'-Biphenyl]-4-butanoic acid, 4^acetyloxy)-)K>xo-a-(3-phenylpropyl)- 

68: Benzenepentanoic acid, a-[2-[4-(5-chloro-2-thienyl)phenyl]-2-oxoethyl]- 

69: 2-Furancarboxylic acid, 5-[4-(3-carboxy-l-oxo-6-phenylhexyl)phenyl]- 

70: Benzenepentanoic acid, a-[2-oxo-2-[4-(3-pyridinyl)phenyl]ethyl)- 

71: Benzenepentanoic acid, ct-l2-oxo-2-[4-[6-(pentyloxy)-3- 
pyridinyl]phenyl]ethylj- 

72: [l,r-BiphenylJ-4-butanoic acid, y^oxo-4Xpentylthio)-a-(3-phenylpropyl)- 

73: [l,r-Biphenyl]-4-butanoic acid, 4-methoxy-Y-oxo-a-(3-phenylpropyl)- 

74: [l,r-Biphenyl]-4-butanoic acid, S'-chloro^-fluoro-y-oxo-a-O- 
phenylpropyl)- 

75: [l,r-Biphenyl]-4-butanoic acid, 4'-ethoxy-Y-oxo-a-(3-phenylpropyD- 

76: Benzenepentanoic acid, a-[2-oxo-2-[4-(3-thienyl)phenyl]ethyl]- 

77: [l,r-BiphenylJ-4-butanoic acid, ^4'-dichloro-^oxo-a-(3-phenylpropyl)- 

78: [l,V-Biphenyl]-4-butanoic acid, 4 , -formyl-y-oxo-a-(3-phenylpropyl)- 

79: [l,r-Biphenyl]-4-butanoic acid, Y-oxo-a-O-phenylpropyD-S'^'- 
bis(trifluoromethyl)- 

80: Benzenepentanoic acid, a-[2-oxo-2-[4-(2-thienyl)phenyl]ethyl]- 

81: [l,r-Biphenyl]-4-butanoic acid, y-oxo-a-O-phenylpropyD-S 1 - 
(trifluoromethyl)- 

82: [l,r-Biphenyl]-4-butanoic acid, 2'-formyl-y-oxo-a-(3-phenylpropyI)- 

83: [l,l'-Biphenyl]-4-butanoic acid, 4'-hydroxy-Y-oxo-ct-(3-phenylpropyl)- 

84: [l,l-Biphenyl]-4-butanoic acid, Y-oxo-a-(3-phenylpropyl)-4'-propoxy- 

85: [l,r-Biphenyl]-4-butanoic acid, Y-oxo-4-(pentyloxy)-a-(3-phenylpropyl)- 

86: [l,l'-Biphenyl]-4-butanoic acid, Y-oxo-^-fpentyloxyVoc-O-phenvlpropyl)-, 

87: [l,r-Biphenyl]-4-butanoic acid, y-oxo-4'-(pentvloxy)-a-(3-phenvlpropyl)- / 
(R)- 

88: [l,r-Biphenyl]-4-butanoic acid, 4-(hexyloxy)-Y-oxo-a-(3-phenylpropyl)- 

89: [l,l'-Biphenyl]-4-butanoic acid, 4 , -butoxy-y-oxo-a-(3-phenylpropyl)- 

90: [l,r-Biphenyl]-4-butanoic acid, y-oxo-4'-(3-phenylpropoxy)-a-(3- 
phenylpropyl)- 

91: [l,r-Biphenyl]-4-butanoic acid, 4Xl-methylethoxy)-y-oxo-a-(3- 
phenylpropyl)- 

92: [l,r-Biphenyl]-4-butanoic acid, 4'-(heptyloxy)-Y-oxo-a-(3-pheny]propyl)- 
93: [l,l'-Biphenyl]-4-butanoic acid, 4'-(cyclohexylmethoxy)-y-oxo-a-(3- 
phenylpropyl)- 

94: [l,l'-Biphenyl]-4-butanoic acid, 4'-(2-methylpropoxy)-Y-oxo-ct-(3- 
phenylpropyl)- 

95: [l,r-Biphenyl]-4-butanoic acid, Y*oxo-<x-(3-phenylpropyl)-4'-(2- 
propenyloxy)- 
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96- [LV-BlphenyU-^butan* add. 4'-<3-m«hylbutoxy)-rox<HX-(3- 
* f^K^buUnoic add, ^dopropy^xy^-O- 

„. ffSKk— add, 

W rSUtancic add, 
° 10V K^buunoic add. 

1M . add. ^-a-pheny.eUu.xyH.-O- 

I5 ,03: add. ..U^pheny—yl^a- 

,04- ■* T-o^-^^-^H^ 

10 , rSpZy^buunoic add. 
25 „ fSS—oic add, «decy Wr -(3- Wropy.^ 
X ll.r-BiphenylH-bu.a.oic add, ^xo-«-(3-phanylpropylH -13- 

„„. add, 

30 111- %££Z$L«c add, ^o-a-O-pKenypropy^ 

,12: K?.fpC&"- 4-[[4.(amino 0 rbony.)phanyllme,hox y ). 

r0 x<«.-(3-ph«.yIpropyl)- |(4<arboxy p h e ny l)me.hoxyl-^>xo. a - 
113: [1,1-BiphenyIH-butanoic aad, 4 -114-carDOxypne y 

35 (3-phenylpropy»- rh w>oxo-a-(3-phenylpropyl)- 

114: U.1 :° d d ^^M* W- 

115: [l,V-Biphanyl]-4-butanoic aad, 4 cnu> r ' ny ipropylK <S>- 

116- [l,l'-Biphenyl)-4-bulanoicac.d,4-chloi<>T<>xo-a<3P^ 7P » 
l£ 1 l -Biphenyll-4-bu'anoic add, 4 -chloroo^.hyl^.xo- 
40 US: [tl-B^bu^ add. 

119- [1 r-Biphenyll-4-butanoic aad, 4 -chloro-roxo-a t P f y 

Z. li.i-BiUu— add. 

121: l^r-Biphenyll-^butanoicaad^-chloro-roxo-azp yy 
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15 



20 



122: tl,r-Biphenyl)-4-butanoic acid, 4 , -chloro-a-heptyl-y-oxo- 
123: [l,l'-Biphenyl]-4-butanoic add, 4'-chloro-a-decyl-y-oxo- 
124: ll,l'-Biphenyl]-4-butanoic acid, 4'-nitro-y-oxo-a-(2-phenylethyl)- 
125: H,r-Biphenyl]-4-butanoic acid, 4-cyano-yK)xo-a-(2-phenylethyl)- 
5 126: Jl,l'-Biphenyl]-4-butanoic acid, 4 , -chloro-a-[2-(2-iodophenyl)ethyl]-y- 

127: [l,l'-Biphenyl]-4-butanoic acid, 4*-chloro-a-[2-(3-iodophenyl)ethyl]-^ 

10 m IU -BiphffliyiJ-4-butanoic acid, 4'-chJorcMX-[2-(4-iodophenyl)ethyl]-y- 

129: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-a-[2-(3,5- 

dimethoxyphenyl)ethyl]-y-oxo 
130: [l,l*-Biphenyl]-4-butanoic acid, 4-chloro-y-oxo-a-phenyl- 
131: tl,r-Biphenyl]-4-butanoic acid, 4 , -chIoro-y-oxo-a-(phenylmethyl)- 
13Z- [l,l'-BiphenyIJ-4-butanoic acid, 4'-chloro-^oxo-oc-(2-phenylethyl)- 
133: [l,l'-BiphenylJ-4-butanoic acid, 4 -chloro-y-oxo-a- 
[(trimethylsilyl)methyl]- 

134: [I,l'-Biphenyl]-4-butanoic acid, 4'-bromo-y-oxo-a-(3-phenylpropyl)- 
135: [l,l'-Biphenyl]-4-butanoic acid, y-oxo-a-(3-phenylpropyl)- 
136: [l,l'-Biphenyl]-4-butanoic acid, 4'-amino-y-oxo-a-(2-phenylethyl)- 
137: [l,l'-Biphenyl]-4-butanoic acid, y-oxo-a-(2-phenylethyl)-4'- 

[[(phenylmethoxy)carbonyljamino]- 
138: [l,l'-Biphenyl]-4-butanoic acid, 4'-[f(l,l- 

dimethylethoxy)carbonyl]amino]-y-oxo-a-(2-phenylethy])- 

25 139: [l,l'-Biphenyl]-4-butanoic acid, 4 -(acetvlamino)-Y-oxo-a-(2- 
phenylethyl)- 

140: [l,l'-Biphenyl]-4-butanoic acid, Y-oxo-4 -[(l-oxopentyl)aminoJ-a-(2- 
phenylethyl)- 

141: Il,l -Biphenyl]-4-butanoic acid, 4 , -[(3,3-dimethyl-l-oxobutyl)amino)-y- 
30 oxo-a-(2-phenylethyl)- 

142: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-a-[2-[2- 
(methoxycarbonyl)phenyl]ethyl]-^oxo- 

^" Biphenyl, " 4 " butanoic add ' a -[ 2 -(2-carboxyphenyl)ethyll-4 , -chloro-y- 

35 144: (U-BiphenylM-butanoic acid, 4'-chloro-a-[2-[2- 
[(diethylamino)carbonyl]phenyl]ethyl]-yoxo- 
145: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-a-[2-[3- 
[(diethylamino)carbonyl]phenyl]ethyl]-Y-oxo-,fS;- 
146: [l,r-Biphenyl]-4-butanoic acid, 4*-chloro-a-[2-[3- 
40 [(diethylamino)carbonyl]phenyl]ethyl]-yoxo-, (R)- 
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1A7- fl r-Biphenyll-4-butanoic acid, a-[2-U- 

148: [^r-Biphenyll-^butanoicaa^o-P-O-carboxyp y 

5 149- uT-Biphenyll-t-butanoic acid, 4'-chloro-a-lM3- 
[(diethylamino)carbonyl]phenyllethyll-^xo- 

0: [l,r-Biph€nyll-4-butanoic acid, a-[2-[3- 

' . . v , n^^mvilethvlM'-chlorc 



10 



15 



20 



25 



40 



150- [l,r-Biphenyll-4-butanoic aaa, a-i* ^ 

151: tl^'-BiphenylH-butanoic acid, 4'-chloro-a-[M4- 
[(diethylaminoKarbonyllphenyllethyll-roxo- 

152: fl,V-BiphenylH-butanoic acid, a-[2-l4- 

l(butylaxnino)carbonyl]phenyl]ethylH'<^^r 

rll-4'-chloro-y- 

153- [l,r-BiphenylH-butanoicacid,a-[2-(4-cart>oxyp y 

156: [W-BiphenylH-bumoK acd, 4-«hoxy 7*>xo « < P * 

157: l,,V-BiphenylH-bu.anoic aad. yoxo-a- 2 . p L yl e.>.y.)- 

,59: ll,l-Bipheny,M-bu,ano.c aad, ^^ x ^ 2 . phen) ,, et hyl)- 
160: [l,V.Biphenyl)-4-butano.c aad. 4 ^ ' P , H ". 

161- U,r-BlphenyH-»-buUnoic aad, foxo-a-Q-phenylemy 

,6, acid, ^,3-lodophany^yn-roxo,- 

,63: K2W*»-»* add ' -t^P-^'byn-^- 

(phenylmethoxy)- 
iaa- n v-BiohenvlH-butanoic add, a-U-l3- 

1 lldie^y^ 

165: [l,r-Bi P henyl]-4-butanoic aad, "^^^.^pj^ytarthaxy). 

l(diethylamino)carbony^ 
166- U-Pvrrolidinedicarboxyhc aad, 

,7,: Xun,. M(4^U.V-b,ph«y.M-y»y«-W»>^'' M - 
oxobutyl)-, trans- 



30 165: 

l(di 
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172: 1^-Pyrrolidinedicarboxylic acid, 3-[(4'<hloro[U'-biphenyl]-4- 

yl)carbonyl]-,l-(2-methylpropyl) ester, (2S-trans)- 
173: L-Proiine, ^W'-chloroll^r-biphenyll^-yDcarbonyl]-!- 

[(phenylamino)carbonyl]-,frans- 
5 174: 13-Pyrrolidinedicarboxylic acid, 4-[(4 , <Moro[l,l'-biphenyl]-4- 

yl)carbonyl]-,l-(phenylmethyl) ester, trans- 
175: 3-PyrroUdinecarboxylic acid, 4-[(4 , -chloro[l,l , -biphenyl]-4-yl)carbonyi]-l- 

(phenylmethyl)-, trans- 
176: Bicyclo[2.2.1]hept-5-ene-2-carboxylic acid, 3-[(4 , <hloro[l,l'-biphenyl]-4- 
10 yDcarbonyl]-, (2-endo,3-exoh 

177: Bicyclo(2.2.1]hept-5^ne-2-carboxylic acid, 3-[(4'-cWoro[l,l'-biphenyl]-4- 

yDcarbonyl]-, (2-exo,3-endo)- 
178: [l,l'-Biphenyl]-4-butanoic acid, 4'-bromo-y-oxo-a-(3-phenylpropylK (S)- 
179: [l,l'-Biphenyl]-4-butanoic acid, 4 , <hloro-y-oxo-a-(4-phenylbutyl)- 
15 180: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-Y-oxoa-(5-phenylpentyl)- 
181: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-y-oxo-a-(6-phenylhexyl)- 
182: [l,l'-Biphenyl]-4-butanoic acid, a-Cf^r-biphenylJ^-ylmethyD^^chloro- 

y-oxo- 

183: [l,l*-Biphenyl]-4-butanoic acid, ^-chloro-y-oxo-a-O-phenyl^-propenyi)-, 
20 (E)- 

184: [l,r-Biphenyl]-4-butanoic acid, 4-chloro-a-[3-(4-methylphenyl)propyl]- 
y-oxo- 

185: [l,r-Biphenyl]-4-butanoic acid, 4 , -chloro-a-[3-(4-chlorophenyl)propyl]-Y- 
oxo- 

25 186: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-a-[3-(4- 
me thoxyphenyl )propy 1 ] -y-oxo- 
187: [l,l'-Biphenyl]-4-butanoic acid, 4 , -chloro-a-|2-(4-methoxyphenyl)cthyl|- 
y-oxo- 

188: [l,l'-Biphenyl)-4-butanoic acid, 4'-chloro-a-[2-(3-mcthoxyphcnyl)cthyl|- 
30 y-oxo- 

189: [l,l'-Biphenyl]-4-butanoic acid, 4'<hloro-^oxo-a-(3-phenyl-2-propynyl)- 
190: [l,r-Biphenyl]-4~butanoic acid, 4'<hloro-y-oxo-a-(2- 

(phenylme thoxy)ethyl] - 
191: [l,l'-Biphenyl]-4-butanoic acid, 4 , -chloro-a-[(2-methoxyethoxy)methyl]- 
35 y-oxo- 

192: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-y-oxo-ct- 

[(phenylmethoxy)methyl]- 
193: [l,l*-Biphenyl]-4-butanoic acid, ^hloro-a-Htt^-dimethyl-l- 

oxopropyl)thio]methyl]-y-oxo- 
40 194: [l,l'-Biphenyl]-4-butanoic acid, 4 , -chloro-a-[[(2,2-dimethyl-l- 

oxopropyl)thiojmethyl]-y-oxo- 
195: [l,r-Biphenyl]-4-butanoic acid, 4'<hloro-a-[[(2,2-dimethyl-l- 

oxopropyl)thio]methyl]-y-oxo- 

225 



PCT/US95/14002 

WO 96/15096 

196: [l,r-Biphenyl]-4-butanoic acid, 4--chloro-roxo^-[(phenylthio)m e thyl]- 
197: U,r-Biphenyl]-4-butanoic acid, ^^^^-[(phenylthiojmethyl]-, 

198: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-roxo-a-[(phenylthio)methyl]-, 

5 00- ' „_ 

199: [U'-BiphenylM-butanoic acid, 4'-chloro-yK>xo-a-lW- 

thienylthio)methyl]- 
200: [U'-BiphenylH-butanoic acid, a-t(acetylthio)methylH-chloro-roxo- 

201: [l,l*-Biphenyl]-4-butanoic acid, 4'-chloro-a-[[[(4- 
10 methoxyphenyl)methyl]thio]methyl]-Y-oxo- 

202: ll,r-Biphenyl]-4-butanoic acid, a-[(benzoylthio)methyl]-4'-chloro-^oxo- 
203: [l,l'-Biphenyl]-4-butanoic acid, ^-chloro-y-oxo-a- 

[[(phenylmethyl)thio]methyl)- 
204: [l,V-Biphenyl]-4-butanoic acid, 4'-chloroa-t[(4- 
15 hydroxyphenyl)thio]methyl]-Y-oxo- 

205: [l,l'-Biphenyl]-4-butanoic acid, 4*-chloro-y-oxo-a-U(2- 

phenylethyDthiolmethyl]- 
206: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-a-[[(4- 
methoxyphenyl)thio]methyl]-Y-oxo- 
20 207: [l,r-Biphenyl]-4-butanoic acid, 4-chloro-Y-oxo-a-[[(3- 
phenylpropyl)thio]methyl]- 
208: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-a-([(4- 

fluorophenyl)thio]methyl]-Y-oxo- 
209: [l,r-Biphenyl]-4-butanoic acid, 4-chloro-a-|((4- 
25 chlorophenyl)thio]methyl]-Y-oxo- 

~ 210: [l,r-Biphenyl)-4-butanoic acid, a-[l(4-bromo P henyl)th.olmcthyl]-4 - 

chloro-7-oxo- 
211: [l,l'-Biphenyl]-4-butanoic acid, 4-chloro-a-U(4- 
methylphenyl)thio]methyl]-Y-oxo- 
30 212: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-a-[[(4- 
ethylphenyl)thio]methyl]-Y-oxo- 
213: [l,l'-Biphenyl]-4-butanoic acid, 4 , -chloro-a-[[l4-(l,l- 

dimethylethyl)phenyl]thio]methyl]-Y-oxo- 
214: lUVBiphenyljIbutanoic acid, 4-chloro-a-[(cyclohexylthio)methyl]-Y- 

rvvn- 



35 oxo- 



40 



□xu- 

215: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-a-[[(3,4- 

dimethoxyphenyl)thio]methyl]-Y-oxo- 
216: [l,l'-Biphenyl]-4-butanoic acid, 4"-chloro-a-[t(3,4- 

dichlorophenyl)thio]methyl]-Y-oxo- 
217: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-a-l[[2- 
(hydroxymethyl)phenyl]thio]methyl]-y-oxo- 
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218: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-a-[[(2- 

fluorophenyl)thio]methyl]-y-oxo- 
219: [l,r-Biphenyl]-4-butanoic acid, a-[[(2-bromophenyl)thio]methyl]-4'- 

chloro-y-oxo- 
220: [l,l'-Biphenyl]-4-butanoic acid, 4'-cMoro-a-[[(2- 

ethylphenyl)thio]methyl]-y-oxo- 
221: Il,r-Biphenyl]-4-butanoic acid, 4 , -chloro-a-[[[2-(l- 

methylethyl)phenyl]thio]methyl]-y-oxo 

222: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-Y-oxo-a-[(4- 
pyridinylthio)methyl]- 

223: [l,l'-Biphenyl]-4-butanoic acid, a-[[[4-(acetylamino)phenyl]thio)methyl]- 

4-chloro-y-oxo- 
224: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-a-([(4- 

nitrophenyl)thio]methyl]-y-oxo- 
225: (U'-BiphenylJ^butanoic acid, a-[[[4-(2- 

carboxyethyDphenylJthiolmethyll^'-chloro-T-oxo 
226: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-ct-[(2- 

naphthalenylthio)methyl]-^oxo- 
227: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-a-[(l- 

naphthalenylthio)methyl]-y-oxo- 
228: [l,l'-Biphenyl]-4-butanoic acid, a-[[(3-bromophenyl)thio]methylH - 

chloro-y-oxo- 
229: (1,1-BiphenylM-butanoic acid, 4 , -chloro-a-[[(2- 

methoxyphenyl)thio]methyl]-y-oxo- 
230: [l,r-Biphenyl]-4-butanoic acid, 4'-chIoro-a-[[(2- 

chlorophenyl)thio]methylj-y-oxo- 
231: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-a-[((3- 

methy]phenyl)thio]methy]]-y-oxo- 
232: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-a-[[(2- 

methylphenyl)thio]methyl]-7^oxo- 
233: [l,l'-Biphenyl]-4-butanoic acid, a-[[(2-carboxyphenyl)thio]methyl]-4'- 

chloro-y-oxo- 

234: [l,l-Biphenyl]-4-butanoic acid, 4'-chloro-<x-[[(3- 

methoxyphenyl)thio]methyl]-y-oxo- 

235: [l,r-Biphenyl]-4-butanoic acid, 4-chloro-a-[[(3,5- 

dimethylphenyl)thio]methyl]-y-oxo- 

236: [l,r-Biphenyl]-4-butanoic acid, 4 , -chloro-7 L oxo-a-[[[3- 
(trifluoromethyl)phenyl]thio]methyl]- 

237: [l,r-Biphenyl]^butanoic acid, 4-chloro-a-[[[4- 

(methoxycabonyl)phenyl]thiojmethyl]-y-oxo- 
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238- [1 l'-Biphenyl]-4-butanoic add, a-tl[4- 

(carbo^ 
239: [l,r.Biphenyl]-4-butanoic add, 4 , -chloro-a-ll(l- 

methylethyl)thio]methyl]-Y-oxo- 

. a i-.-- A'-rhlnro-a-IIU- 



metnyietnyiAiuujuicwt/^ i — 
240: lU'-Biphenyll-^butaiioic add, 4'-chloro-a-ll(2- 

i .niKJ/OmofVi vll-y-OXO- 



I: [1,1 -Biphenyu-*-Duiaiiuiv. - - 
hvdroxyphenyl)thio]methyl]-Yoxc 
241: [l,r-Biphenyl]-4-butanoic add, 4'-chloro^oxo-a-t(8- 

quinolinylthio)methyl]- 
242: [l,r-Biphenyl]-4-butanoic add, 4-chioro-a-[l(3- 



2: 11,1 -Dipnenyu-t-i'u"" 1 "**- • 

10 chlorophenyl)thio]methyl]-Y-oxo- 

243: [l,r-Biphenyl]-4-butanoic add, 4'-chloro-a-«(3- 
fluorophenyl)thio]methyl]-"^oxo- 
4: [l,l'-Biphenyl]-4-butanoic add, 4'- 



244- [1 l'-Biphenyl]-4-butanoic add, 4 -chloro-a-(l[2- 
(methoxycarbonyl)phenyl]thio]methyl]-roxo- 
15 245: [l,l'-Biphenyll^butanoic add, 4'.chloro-a-methyl-roxo-a- 
(phenylthio)- 

246- [1 V-Biphenyll-4-butanoic add, 4'-chloro-roxo-a- 
[(phenylsulfinyl)methyl]-,stereoisomer 

247- [l,V-Biphenyl]-4-butanoic add, 4'-chloro-roxo-a- 
20 [(phenylsulfinyl)methylkstereoisomer 

248- [1 V-Biphenyll-4-butanoic add, 4'-chloro-^oxo-a- 
' [(phenylsulfinyl)methyl]-,stereoisomer 

249- (l,r-Biphenyl)-4-butanoic add, 4'-chloro-roxo-a- 
* [(phenylsulfinyl)methyl]-,stereoisomer 

25 250: H,T-Biphenyl]-4-butanoic acid, 4'-chloro-ct-[ 2- 

[(methylaminoJcarbonyllphenyUthiolmethyll-Troxo- 

251: U,l-Biphenyl]-4-butanoic add, 

252- [U -BiphenylH-butinoic aad, 4-chloro-roxo-a npn 

» BeLnebuunoic acid, a-U.c^l.hiohne.hyU^-mett.yl-^ 
M S': SL— b—n-e acid, a-Cc^^^hiorop^noxy^c 
255- [1 r-Biphenyll-4-butanoic acid, 4'-chloro^oxo-B-ia- 
25,. SXSSSl-c acid, 4'-chloro-B-ll(2,2Klimethyl-1- 

259- 1-Piperazineacetic add, a-[2-(4-chloro[l,l -taphenyij-4-yi; 

260' ^i^^-^' r 

26V ^X"a d d, -«M*«W 
3,5-dimethyl-, hydrochloride 



35 257 
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262: 2H-Isoindole-2-pentanoic acid, a-[2-(4 , -chloro[l / l , -biphenyl]-4-yl)-2- 
oxoethyl]-l,3-dihydro-l,3-dioxo- 

263: [l,r-Biphenyl]-4-butanoic acid, 4 -chloro-a-[2-(dimethylamino)ethyl]-y- 
oxo-,hydrochloride 

5 264: [l,l-Biphenyl]-4-butanoic acid, 4'-chloroa-[2-(diethylamino)ethyl]-y- 
oxo-,hydrochloride 

265: [l,l-Biphenyl]-4~butanoic acid, 4 , -chloroa-[3-(diethylamino)propyl]-Y- 

oxo-,trifluoroacetate 
266: [l,l'-Biphenyl]-4-butanoic acid, 4 , -chloro-a-[3-(methylthio)propyl]-y-oxo- 
10 267: 2H-Isoindole-2-butanoic acid, a-[2-(4-chloro[l,l -biphenyl]-4-yl)-2- 

oxoethylj-l ,3-dihydro-l ,3-dioxo- 

268: 2H-Isoindole-2-butanoic acid, a-[2-(4 l -chloro[l,l , -biphenyl]-4-yl)-2- 
oxoethyl]-l>dihydro-l,3~dioxo-, (S)- 

269: 2H-Isoindole-2-butanoic acid, a-[2-(4 , -chloroIl,l , -biphenyl]-4-yl)-2- 
15 oxoethyl]-l,3-dihydro-l>dioxo-, (Rh 

270: 2H-Isoindole-2-butanoic acid, a-[2-(4'-bromo[l,r-biphenyl]-4-yl)-2- 
oxoethyl]- 1 ,3-dihydro-l ,3-dioxo- 

271: 2H-Isoindole-2-butanoic acid, l^-dihydro-l^-dioxo-a-te-oxo^-K- 

(phenylmethoxy)[l,l'-biphenyl]-4-ylJethyl]- 
20 272: 2H-Isoindole-2-butanoic acid, l>dihydro-l,3-dioxo-a-[2-oxo-2-[4- 

(pentyloxy)[l,l-biphenyl]-4-yl]ethyl]- 
273: 2H-Isoindole-2-butanoic acid, a-[2-(4 , -ethoxy[l / l-biphenyl)-4-yl)-2- 

oxoethyl]-l,3-dihydro-l,3-dioxo- 
276: 2H-Isoindole-2-propanoic acid, a-[2-(4'-chloro[l,l'-biphenyl]-4-yl)-2- 
25 oxoethylj-l ,3-dihydro-l, 3-dioxo- 

279: [l,r-Biphenyl)-4-butanoic acid, a-[24(2-carboxybenzoyl)amino]ethyl}-4'- 

chloro-y-oxo- 

280: [l,l'-Biphenyl]-4-butanoic acid, a-[2-[(2-carboxybenzoyl)amino]ethyl]-4'- 
chloro-y-oxo- 

30 282: [l,r-Biphenyl]-4-butanoic acid, 4'-chloro-a,a-dimethyl-Y-oxo- 

283: [l,l'-Biphenyl]-4-butanoic acid, 4'-chloro-a,|$-dimethyl-Y-oxo-, (R*,R*h 

284: [l,l'-Biphenyl]-4-butanoic acid, 4'-cNoro-a,|J-dimethyl-Y-oxo-, (R*,S*)- 
285: Cyclohexanecarboxylic acid, 2-[(4'-chloro[l,r-biphenyl]-4-yl)carbonyl]-, 
trans- 

35 286: Cyclohexanecarboxylic acid, 2-[(4 , -chloro[l,r-biphenyl]-4-yl)carbonyl]- / 
cis- 

287: Benzoic acid, 2-[(4 , -chloro[l / l , -biphenyl]-4-yl)carbonyl]- 

288: Cydopentanecarboxylic acid, 2-[(4 -cWoro[l,r-biphenyl]-4-yl)carbonyI]-, 

CIS- 

40 289: Cydopentanecarboxylic add, 2-[(4 t -chloro[l,r-biphenylJ-4-yl)carbonyl]-, 
trans- 

290: Cydobutanecarboxylic add, 2-[(4 , -chloro[l,l'-biphenyl]-4-yl)carbonyl]-, 
c/s- 
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29V Cydotatanec^Uc acid. WW^^ 

2» Sdopropanecarbo.cyUc acid, ^.cWorolW'-bipheny.^yDorbonyll-, 
5 293- ?y'dopropan«arbo*yUc add, W-dUoroll.VbiphenyH^yOcarb^ylK 
2,4: C^pantanecarboxylic add. 2-i(4 ^oroU.l-biphenyl^yDcarbony.l-S- 
2,5: ^p^a^^add. Z-K^hloroU.r-biphenyl^yDcarbonyn-S- 
10 296- C P ^a^^c add, M^HorolU^pheny.M^^^ 

,: ttd»^^ 

303- £2S£28£& 2* "^chlorolLV 

304- ?^S5cS ^-ch.^t.V-biphenyU^arbonyn* 

30, S^op^^ 

30 306: 1^--^ 

[(2-methylphenyl)thio]-, (1«*5°^ . . biohenv l]-4- 
307: Benzoic acid, 2-[[2-carboxy-3-[(4-chloroll,T ■ *PJ^* 
vncarbonvllcyclopentyllthioK 1-methyl ester (la,2M<x) 
yl)carlx)nyijcyc »p« jr -[^fcyo i,v-biphenyll-4- 
(: Benzoic aad, 2-112-carDoxy j-iv* m„o«*«>- 

3,2: KSSSi S^Uoro W 
(phenylthioK (la,2p3a)- 



299: 
300: 
301: 
302: 



35 308 
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313: Cydopentanecarboxylic acid, 2-[(4'<hloro[l,r-biphenyl]-4-yl)carbonyl]-5- 

(phenylthio)-, (la,2p,5a)- 
314: [l,l'-Biphenyl)-4-butanoic acid, 4'-chloro-Y-oxo-a- 

[(phenylsulfonyDmethyl]-, (Sh 
315: Cydopentanecarboxylic acid, 2-[(4'-ethoxy[l,l'-biphenyl]-4-yl)carbonylJ-5- 

(phenylthioK (l<x,2p,5p)- 
316: CydopentanecarboxyUc add,2-[(4'-ethoxy[l,l'-biphenyl]-4-yl)carbonyl]-5- 

(phenylthio)-, (la,2p,5a)- 
317: Cydopentanecarboxylic add, 2-[[4'-(pentyloxy)[l,l'-biphenyl]-4- 

yl]carbonyl)-5-(phenylthio)-, (la,2P,5a)- 
318: CydopentanecarboxyUc add, 2-[[4'-(pentyloxy)[l,l'-biphenyl]-4- 

ylJcarbonyl]-5-(phenylthio)-,(la,2p,5p)- 
319: Cydopentanecarboxylic add, 2-[[4'-(pentyloxy)[l/T-biphenyl]-4- 

yl]carbonyl]-5-(phenylthio)-, (la,2p,5pM+)- 
320: Cydopentanecarboxylic add, 2-[[4'-(pentyloxy)[l,l'-biphenyl]-4- 

yl]carbonyl]-5-(phenylthio)-, (la^P^p)-(-)- 
321: Cydopentanecarboxylic acid, 2-[(4 , -(pentyloxy)[l,l'-biphenyl]-4- 

yl]carbonyl]-5-(phenylthio)-, (la,2p,5a)-(+)- 
322: Cydopentanecarboxylic add, 2-[[4'-(pentyloxy)[l,l'-biphenyl]-4- 

ylJcarbonyl]-5-(phenylthioK (la,2p,5a)-(->- 
323: CydopentanecarboxyUc add, 2-[(4 , -ethoxy[l,l'-biphenyl]-4-yl)carbonyl]-5- 

(phenylmethyl)-, (lo,2p,5p)- 
324: Cydopentanecarboxylic add, 2-[[4 , -(pentyloxy)[l,l'-biphenyl]-4- 

yl]carbonyl]-5-(phenylmethyl)-, [1 S-(l a,2p,5p)]- 
325: Cydopentanecarboxylic add, 2-[[4'-(pentyloxy)[l,l'-biphenyl]-4- 

yl]carbonyl]-5-(phenylmethyl)-, [1 K-(la,2P,5p)]- 
326: Cydopentanecarboxylic acid, 2-[(4'-chloro[l,l'-biphenyl]-4-yl)carbonyl}-5- 

(phenylmethyl)-, (la,2p,5p)- 
327: 3-Cyclohexene-l-carboxyUc add, 6-[(4'-chloroIl,l'-biphenyl]-4- 

yDcarbonyU-M-dimethyl-, trans- 
328: 3-Cyclohexene-l-carboxylic acid, 6-[(4*-chloro[l,r-biphenyl]-4- 

yl)carbonyl]-,frans- 
329: 3-Cydohexene-l-carboxyUc add, 6-[(4'-chloro[l,r-biphenylJ-4- 

yl)carbonyl)-3-methyl-, trans- 
330: Bicydo[2.2.2]oct-5-ene-2-carboxylic add, 3-I(4'-chloro[l,l , -biphenyl]-4- 

yDcarbonyl]-, (2J?»,3R»)- 
331: Bicyclo[2.2.2]octane-2-carboxylic add, 3-[(4'-chloro[l,l'-biphenylM- 

yDcarbonyl]-, trans- 
332: [l,r-Biphenyl]-4-pentanoic add, 4'-chloro-p-methyl-5-oxo- 
333: [l,l'-Biphenyl]-4-pentanoic add, 4'-chloro-5-oxo- 
334: [l,l'-Biphenyl]-4-pentanoic add, 4 -chloro-p,p-dimethyl-6-oxo- 
335: [l,l'-Biphenyl]-4-pentanoic add, 4'-chloro-p-ethyl-P-methyl-5-oxo- 
336: Cydopentaneacetic add, l-[2-(4'<hloro[l,l'-biphenyl]-4-yl)-2-oxoethylJ- 
337: [l,l'-Biphenyl]-4-pentanoic add, 4'-chloro-o / a-dimethyl-5-oxo- 



231 



PCT/US95/14002 

WO 96/15096 

«». n v BmhenvlM-Dentanoic acid, ^^lUoro^^-inefliylpropyl)-^©. 

Sft Cydopentanepropanoic add, l-[(4'-chlorotl,r-b ip hen y l]-4.y )carbonyl]- 
34V ll V-Biphenyll-4-pentanoic add, 4'-chloro-5K)xo-a.(3-phenylpropyl)- 
5 342- U,l'-Biphenyl]-4-pentanoic add, 4'-chloro-r(2-methylpropyl)-8K>xo- 
™t. ri v RinhenvlM-oentanoic add, 4-chloro-&-oxo-Y-(3-phenylpropyD- 

345: Phosphoric add, [l-[2.(4'-bromo[l,V-biphenyl]^yl)-2-oxoethylH- 

10 346: fp^SLboxamide, l-^-chioroll 4'-biphenyl]-4-yl)-2- 
oxoethyll-4-methyl-l-oxopentyl]-N-methyl-, (2i>>- 
347: Benzenebutanoic acid, 4-(2-methyl-4-oxazolyl)-a-(2-m e thylpropyl)-Y- 

15 348: B^enebutanoic add, a-(2-methylpropylH-(2-methyl-4-thiazolyl)-r 

349- 2-TOophenebutanoic add, 5-(4.chlorophenyl)^oxo-a^-phenylpropyl)- 

350- 2-Furanbutanoic acid, 5-(4-chlorophenyl)-roxo-a-(3-phenylpropyl)- 

351- lir-Biphenyll^-butanoicadd^'-ethynyl-Y-oxcwx-O-phenylpropyl)- 

20 352: lllr-Biphenyll^butanoic add, 4•-(^hexynyl)-^xo-a-(3-phenylpropyl)- 
353: [l,V-Biphenyl]-4-butanoic add, ^-(S-methoxy-l-propenyD-roxo-a-O- 

phenylpropyl)-, (E)- „„ n 
354: [l,V-Biphenyl]-4-butanoic add, 4 t -(3-methoxy-l-propenyl)-roxo-a-(3- 

phenylpropylK (Z)- 
25 355: [l,l'-Biphenyl]-4-butanoic acid, 4-(3-methoxypropyl)-roxo-a-(3- 

356: fu'-B^^ add, 4'-(l-hexenyl)-roxo-a-(3-phenylpropyI)-. 

(Z). 

357- [1 l-Biphenyl]-4-butanoic acid, 4'-hexyl-a-(3-phenylpropyl)- 
30 358: [U'-Biphenyl]-4-butanoic acid, y.oxcM'-(2-phenylethenyl)-a-(3- 
phenylpropyl)-, (Z)- 
359: [l,r-Biphenyll-4-butanoic acid, Y -oxo-4 , -(2-phenylethyl)-a-(3- 

360: ^do^axboxyhc add, 2-[(4'«hloro[^^^ 
35 [(13-cUhydro-l,3-dioxo-2H4somdol-2-yl)methylK(la,2yp)- 

35 361: Cydo^tanecarboxylic add, ^'^^^^f^^^ 
362: SSSESS^^ 

364: §SS22S^ 

l(methoxymethoxy)methyl]-, (10,20,56)- 
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365: Cydopentanecarboxylic acid, 2-((4'-chloro[l,r-biphenyl]-4-yl)carbonyl]-5- 

I(phenylmethoxy)methyl]- / (la,2p,5p)- 
366: Cydopentanecarboxylic add, 2-[(4 , -chloro[l,l'-biphenyl]-4-yl)carbonyl]-5- 

(phenoxymethylK (l<x,2p,5p)- 
367: Cydopentanecarboxylic add, 2-[(benzoyloxy)methyl]-5-[(4'-chloro[l,r- 

biphenylJ-4-yDcarbonyl]-, (la,2p,5p)- 
368: 1,2-Berizenedicarboxylic add, M[2-carboxy-3-[(4 , -chloro[l / l , -biphenyl]-4- 

yl)carbonyl]cydopentyl]methyl] 2-methyl ester, (la,2p,3a)- 
369: Cydopentanecarboxylic add, 2-[(4 , -chloroll,l'-biphenyl]-4-yl)carbonyl]-5- 

[(2-thienylthio)methyl]-, (la,2p,5p)- 
370: Cydopentanecarboxylic add, 2-[(benzoylanuno)methyl]-5-[(4'- 

chloro[l,l -biphenylM-yDcarbonyl]-, (la,2P,5P)- 
371: Cydopentanecarboxylic add, 2-[(4'-chloro[l,l'-biphenyl]-4-yl)carbonyl]-5- 

[[(2-methoxyethoxy)methoxy]methyl]-, (la,2p,5p)- 
372: Cydopentanecarboxylic add, 2-[(4'-chloro[U'-biphenyl]-4-yl)carbonyl]-5- 

[[(phenylmethyl)thio]methyl]-, (la,2p,5P)- 
373: Cydopentanecarboxylic add, 2-[(4*.chloro[l,r-biphenyl]-4-yl)carbonyl]-5- 

[(phenylthio)methyl]-, (la,2p,5p)- 
374: Cydopentanecarboxylic add, 2-[(4 , -chloro[l,l , -biphenyl]-4-yl)carbonyl]-5- 

[(propylthio)methylj-, (la,2p,5p)- 
375: Cydopentanecarboxylic acid, 2-t(2-benzothiazolylthio)methyl]-5-[(4 , - 

chloro[l,l -biphenylM-yDcarbonyl]-, (1 a,2p,5p)- 
376: Benzoic add, 2-Il[2-carboxy-3-[(4'-chloro[l,r-biphenyl]-4- 

yl)carbonyl]cyclopentyl]methyl]thio]-, 1 -methyl ester, (la,2P,3oc)- 
377: Cydopentanecarboxylic add, 2-[(4 , -chloro[l,r-biphenyl]-4-yl)carbonyl)-5- 

[[[(phenylmethoxy)carbonylJamino]]methyl]-, (la,2P,5P)- 
378: Benzoic acid, 2-methyl-, [2-carboxy-3-[(4 , -chloro[l,l , -biphenyl]-4- 

yl)carbonyl]cydopentyl]methyl ester, (la,2P,3a)- 
379: Benzoic acid, 3-methyl-, [2-carboxy-3-[(4'-chloro(l,l'-biphenyl]-4- 

yl)carbonyl]cydopentyl]methyl ester, (lcUP^ct)- 
380: Benzoic acid, 4-methyl-, [2-carboxy-3-|(4 , -chloro[l,l , -biphenyl]-4- 

yl)carbonyl]cyclopentyl]methyl ester, (la^p^ct)- 
381: Benzoic acid, 2-methoxy-, [2-carboxy-3-[(4 , -chloro[l,l , -biphenyl]-4- 

yDcarbonylJcyclopentylJmethyl ester, (lcc,2P,3a)- 
382: Benzoic acid, 3-methoxy-, [2-carboxy-3-[(4'-chloro[l,l'-biphenylJ-4- 

yl)carbonyl]cyclopentylJmethyl ester, (la^P^o)- 
383: Benzoic add, 4-methoxy-, [2-carboxy-3-[(4'-chloro[l,l'-biphenyl]-4- 

yl)carbonyl)cyclopentyl]methyl ester, (l<x,2P,3a)- 
384: Cydopentanecarboxylic add, 2-[(2-benzoxazolylthio)methyl]-5-[(4'- 

chlorolLl-biphenylJ-^yDcarbonyl]-, (la,2B,5p)- 
385: Cydopentanecarboxylic add, 2-[(4 , -chloro[l,l'-biphenyl]-4-yl)carbonyl]-5- 

[(l,3-dihydro-4-nitro-l ,3-dioxo-2H-isoindol-2-yl)methylh (1 a,2p,5p)- 
386: Cydopentanecarboxylic add, 2-[(4-chloroIl,l'-biphenyl]-4-yl)carbonyl]-5- 

f(l,3-dihydro-5-nitro-l,3-dioxo-2H-isoindol-2-yl)methyl]-, (la,2p,5P)- 
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„ Cydo^tan^boxyUc add. 

388: Cydopentanecarboxyhcaad,2-U4-ouoroi k 

5 389: Cydopentanecarboxyh ^^l, 2 . vl)oxvlmethyl K (la^PV . 




390: Cvclopentanecarw*7*"- — - - 
[(5.chloro-l,3-dihydro^-mtro-l, 

(la,2p,5p> o-K^-chlorotl^l'-biphenyll^yDcarbonyll-S- 
(la,2jl,5P)- , r(4.amino-l>dihydro-U-dioxo-2H- 

15 3,3- SSSS-*-^ ^ ^.oxyH-W-chlorod.r-bipheny.H- 

3,, gSSSEt^S*^ *W«M^ - 
20 395- §3S£2SSfi5£-* 2 WxyH-K^oroH.l-bipheny.l^- 

3*. §3£2££E5&* ^ri^w^ 

397 . gSSSSMKd* 2 , (atttyl o^yn-4- I( 4-ch.oroU,V. 
25 398 . ^obu^*^^^ 

biphenylH-yDarbonyl]-. ^u.v.biphCTyl]^ yllcarbonylM- 

30 400: Cydobutanecaiboxylic acid, 2-[(4-cWorou,i y 

(hydroxymethylK Kawtylox y)methyl]-4-i(4'-chloro[l,V- 
401: Cydobutanecarboxybc aad, 2 liaceiyiu 

MphanyU^yBcabo^U^ 
35 ^^^^^^^^ 
404- [l,V- Biphenyll-4-butanoic acid, 4'«M«w*n* 

40 405: 2H-Isoindole2-butanoic , ^^^U«y> 

oxoethyll-l,3-d^^^ 

406- 2H-Isoindole-2-butano 1C aad, a -£^™° 1 
oxoethyl]-l>dihydro-l^-dioxo-5-propoxy 
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407: 2H-Isoindole-2-butanoic acid, a-U^^-chloroll.l-biphenyll-^ylW- 
oxoethyU-l^-dihydro-l^-dioxo-^Cphenylmethoxy)- 

408: 2H-Isoindole-2-butanoic acid, S-amino-a-K-C^-chloroIlJ-biphenyl]^- 
yD-Z-oxoethylJ-l^Kiihydro-l^-dioxo- 
5 409: 2H-Benz[/]isoindole-2-butanoic acid, a-[2-(4 -chloro[l,r-biphenylM-yl)- 
2-oxoethyl]-l>dihydro-13-dioxo- 
410: lH-BenzWe]isoquinoline-2(3H)-butanoic acid, a-[2-(4 , -chloro[l,V- 
biphenyl]-4-yl)-2-oxoethyl]-l / 3-dioxo- 

411: 1-Pyrrolidinebutanoic acid, a-U-C^-chlorol^r-biphenylJ^yl)^- 
10 oxoethyl]«2,5-dioxo- 

412: 1-Pyrrolidinebutanoic acid, a-[2-(4 , -ethoxy[l,l , -biphenyl]-4-yl)-2- 
oxoethyl]-2,5-dioxo- 

413: 2H-Isoindole-2-butanoic acid, a-[2-(4 , -chloro[l,l -biphenyl]-4-yl)-2- 

oxoethyll-l^^a^Z^a-hexahydro-l^-dioxo-, c/s- 
15 414: 2H-Isoindole-2-butanoic acid, a-[2-(4 , -chloro[l,r-biphenyl]-4-yl)-2- 

oxoethyl]-5-(l,l-dimethylethyl)-l,3-dihydro-l,3-dioxo- 
415: 2H-Isoindole-2-butanoic acid, 5,6-dichloro-a-t2-(4 , -chloro[l,l , -biphenyl]- 

4-yl)-2-oxoethyl]-l,3-dihydro-l,3-dioxo- 
416: 2H-Isoindole-2-butanoic acid, a-[2-(4 -chloro(l,r-biphenyl]-4-yl)-2- 
20 oxoethyl]-l>dihydro-5-methyl-l,3-dioxo 

417: 2H-Pyrrolo[3,4-c]pyridine-2-butanoic acid, a-[2-(4-chloro[l,l'-biphenyl]- 

4-yl)-2<>xoethyl]-l,3-dihydro-l,3-dioxo- 

418: lH-Ben2[de]isoquinoline-2(3H)-butanoic acid / 6-b^omo-a-[2-(4 , - 
chlorof^r-biphenyll^yD^-oxoethyll-l^-dioxo- 
25 419: 6H-l,3-Dioxolo[4,5-/]isoindole-6-butanoic acid, a-[2-(4 # -chloro[l,r- 
biphenyl]-4-yl)-2-oxoethyl]-5,7-dihydroo,7-dioxo 

420: 2H-Isoindole-2-butanoic acid, a-[2-(4 , -chloro[l,1 , -biphcnylJ-4-yl)-2- 

oxoethyl]-l,3-dihydro-5-hydroxy-l,3-dioxo- 
421: 2H-Isoindole-2-butanoic acid, a-f2-(4 , -chioro(l.r-biphcnyl|-4-yl)-2« 
30 oxoethyl ]- 1 ,3-dihydro-4-hy droxy- 1 ,3-dioxo 

422: 2H-Isoindole-2-butanoic acid, a-[2-(4'-chloro[l f l'-biphenyl]-4-yl)-2- 

oxoethyl]-l,3-dihydro-5-methoxy-l,3-dioxo- 
423: 2H-Isoindole-2-butanoic acid, a-[2-(4 -chlorodJ'-biphenylJ^yl)^- 

oxoethylJ-13-dihydro-4-methoxy-l,3-dioxo- 
35 424: 2H-Isoindole-2-butanoic acid, a-[2-(4 ? -chloro[l,r-biphenyl]-4-yl)-2- 

oxoethyl]-l^-ddhydrc>-l,3-dioxo-5-[(2-thienylcarbonyl)oxy]- 

425: 2H-Isoindole-2-butanoic acid, 5-(acetyloxy)-a-[2-(4 , -chloro[l,l , -biphenyl]- 

4-yl)-2-oxoethyl]-l,3-dihydro-l,3-dioxo- 
426: [l,r-Biphenyl]-4-butanoic acid, 4 , -chloroy-oxo-a-[2-(phenylthio)ethyl]- 
40 427: [1,1-BiphenylM-butanoic acid, 4 , -chloro-a-[2-[[(4- 
methoxyphenyi)methyI]thio]ethyl]-y-oxo- 

428: [l,l'-Biphfcnyl]-4-butanoic acid, 4 , -chloro-y-oxoa-[2- 
(phenylsulfinyl)ethyl]- 
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429- «■* a-B^-^U-r-biphenyi^y.)- 

431- 2H-Isoindole-2-hexanoicaad,a-l2-(4-cruorou,i f 
5 ' oxoethylH>dihydro-l,3-dioxo- 

432- 11 r-Kphenyll-4-butanoic acid, 4'-chtoro-a-lll> 
(methoxycarbonyl)phenyl]thiolmethyl]-roxo- 

433: [l,r-Biphenyl]-4-butanoic acid, 4'<hloro-a-[[(2,6- 
dimethylphenyl)thio]methyl]-roxo- 
L0 434: [l,r-Biphenyll-4-butanoic acid, 4'-chloro-a-[lt4-fluoro-2- 
(methoxycarbonyl)phenyl]thio]methyl]^oxo- 

435: [l,r-Biphenyl]-4-butanoic acid, 4-chloro-a-l 3- 

[(diethylaminOcarbonyllphenyllthiolmeth^ ; -^oxo- 
436: ll,r-Biphenyl]-4-butanoic acid, 4'-chloro-a-[[[2- 
:5 Udime*ylamino)carbonyl]phenyl]thiolmethyll-^ 
437: [l,r-Biphenyl]-4-butanoic acid, 4-chloro-a-[[l3- 

[(dimemylammo)^^ 
438: Bkydolillhept^«2H^lK^MW (pentyloxyn 

biphenyll-4-yllcarbonyl]- Y^^^^wphenylHr 
20 439' 1-Cyclopentene-l-carboxyhc aad, cniorou, k 

440- ^Secarboxylic add, Z-W-chlcrdU'-biphenylM-yi— 1* 
44V %£PS2£S ^ i faa^Uoro 1 ,V- W p h eny 1 H-y.»c^nyU* 

25 442, &X^ y "« 

443: ^elne-l-carboxyUc acid. 5-II«-(h«y 1 oxy)|..Vb i pheny.^ 
yljcarbonyl]- 

30 444: [l,r-Biphenyl]-4-butanoic acid, 4-hydroxy-Y-oxo-a- 
[(phenylthio)methyll- 

35 disclosed herein. It is mtendec I that * spec < c ^ 
considered as exemplary only, with the true scope an P 
being indicated by the following claims. 
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We claim: 

1. Compounds having matrix metalloprotease inhibitory activity and the 
generalized formula: 

5 

(T)xA-B-D-E-G 

wherein 

10 (a) (T) X A represents a substituted or unsubstituted aromatic or 
heteroaromatic moiety selected from the group consisting of: 




15 wherein R 1 represents H or alkyl of 1 - 3 carbons; and 

each T represents a substituent group, independently selected from 
group consisting of: 

* the halogens -F, -CI, -Br, and -I; 
20 * alkyl of 1 - 10 carbons; 

* haloalkyl of 1 - 10 carbons; 

* alkenyl of 2 - 10 carbons; 

* alkynyl of 2 - 10 carbons; 

* -(CH2)pQ , wherein 
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p is 0 or an integer 1-4, and 
» -alkenyl-Q, wherein 

said alkenyl moiety comprises 2 - 4 carbons; and 
Q is selected from the group consisting of aryl of 6 - 10 carbons, 
c heteroaryl comprising 4 - 9 carbons and at least one N, O, or S 

heteroatom, -CN, -CHO, -NQ 2 , -CO2R2, -OCOR2, -SOR3, 
-S0 2 R 3 , -CON(R2)2 , -S0 2 N(R2)2 , -C(0)R2 , -N(R2) 2 , 
-N(R2)C0R2, -N(R2)C02R 3 , -N(R2)CON(R2)2, -CHN4, -OR* 
and -SR 4 ; 
10 wherein 

R2 represents H; 

alkyl of 1 - 6 carbons; 
aryl of 6 -10 carbons; 

heteroaryl comprising 4 - 9 carbons and at least one N, O, 
15 or S heteroatom; or 

arylalkyl in which the aryl portion contains 6 - 10 carbons 

and the alkyl portion contains 1 - 4 carbons; or 
heteroaryl-alkyl in which the heteroaryl portion comprises 
4 - 9 carbons and at least one N, O, or S heteroatom and 
20 the alkyl portion contains 1 - 4 carbons; 

R3 represents alkyl of 1 - 4 carbons; 
aryl of 6 - 10 carbons; 

heteroaryl comprising 4 - 9 carbons and at least one N, O, 
or S heteroatom; or 

25 arylalkyl in which the aryl portion contains 6 - 10 carbons 

and the alkyl portion contains 1 - 4 carbons; or 
heteroaryl-alkyl in which the heteroaryl portion comprises 
4 - 9 carbons and at least one N, O, or S heteroatom and 
the alkyl portion contains 1 - 4 carbons; 
30 R 4 represents H; 

alkyl of 1 - 12 carbons; 
aryl of 6 - 10 carbons; 

heteroaryl comprising 4 - 9 carbons and at least one N, O, 

or S heteroatom; 
arylalkyl in which the aryl portion contains 6 - 10 carbons 
and the alkyl portion contains 1 - 4 carbons; 
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heteroaryl-alkyl in which the heteroaryl portion comprises 
4-9 carbons and at least one N, O, or S heteroatom and 
the alkyl portion contains 1-4 carbons; 

alkenyl of 2 - 12 carbons; 
5 alkynyl of 2 - 12 carbons; 

-(C q H2qO) r R 5 wherein q is 1-3; r is 1 - 3; and R5 is H 
provided q is greater than 1, or alkyl of 1 - 4 carbons, or 
phenyl; 

-(CH2)sX wherein s is 2 - 3 and X is halogen; or 
10 -C(0)R2; 

and with the proviso that unsaturation in a moiety which 
is attached to Q or which is part of Q is separated from any N, 
O, or S of Q by at least one carbon atom, and 
x is 0, 1, or 2; 

15 
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(b) B represents an aromatic or 
group consisting of: 



PCTAJS95/14002 

heteroaromatic ring selected from the 




wherein R 1 is as defined above; 



(c) D represents 



C=NOH, or — S 



10 
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(d) E represents a chain of n carbon atoms bearing m substituents R 6 , 
wherein said R*> groups are independent substituents, or constitute spiro or 
nonspiro rings in which a) two groups R 6 are joined, and taken together 
with the chain atom(s) to which said two R6 group(s) are attached, and any 
5 intervening chain atoms, constitute a 3 - 7 membered ring, or b) one group 
R 6 is joined to the chain on which said one group R*> resides, and taken 
together with the chain atom(s) to which said R6 group is attached, and any 
intervening chain atoms, constitutes a 3 - 7 membered ring; and wherein 

n is 2 or 3; 
10 m is an integer of 1 - 3; 

the number of carbons in the totality of R*> groups is at least two; 

each group R 6 is independently selected from the group consisting of: 

* alkyl of 1 - 10 carbons, provided that if said A unit is phenyl, said 

B unit is phenylene, m is 1, n is 2, and said alkyl group is 
15 located on the alpha carbon relative to said D unit, then x is 1 

or 2; 

* aryl of 6 - 10 carbons, provided that if said A unit is phenyl, said B 

unit is phenylene, said aryl group is phenyl, n is 2, and m is 1 
or 2, then x is 1 or 2; 

20 * heteroaryl comprising 4-9 carbons and at least one N, O, or S 

heteroatom; 

* arylalkyl wherein the aryl portion contains 6-10 carbons and the 

alkyl portion contains 1-8 carbons; 

* heteroaryl-alkyl wherein the heteroaryl portion comprises 4 - 9 
25 carbons and at least one N, O, or S heteroatom, and the alkyl 

portion contains 1-8 carbons; 

* alkenyl of 2 - 10 carbons; 

* aryl-alkenyl wherein the aryl portion contains 6-10 carbons and 

the alkenyl portion contains 2-5 carbons; 
30 * heteroaryl-alkenyl wherein the heteroaryl portion comprises 4 - 9 

carbons and at least one N, O, or S heteroatom and the alkenyl 
portion contains 2 -5 carbons; 

* alkynyl of 2 - 10 carbons; 

* aryl-alkynyl wherein the aryl portion contains 6-10 carbons and 
35 the alkynyl portion contains 2-5 carbons; 

* heteroaryl-alkynyl wherein the heteroaryl portion comprises 4-9 

carbons and at least one N, O, or S heteroatom and the alkynyl 
portion contains 2-5 carbons; 
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10 



-(CH2HR 7 wherein 

t is 0 or an integer of 1 - 5; and 

R7 is selected from the group consisting of 

O 





0 


r 


, — N 


U 


0 








0 


0 




^ N V 



0 

1 " «2 
N — C — n 



R 2 O * 
N — C — N — Fr 




y- 1 



NR 2 

N I 2 

■ NR 2 



0 

R 2 0 

N — C — QV 



aryl-containing R 7 group comprises 4 * caro 
or S heteroatom; 
wherein 

Y represents O or S; 

Rl, R2, and R 3 are as defined above; and 
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u is 0, 1, or 2; and 
with the proviso that when R 7 is 




said A unit is phenyl, said B unit is phenylene, m is 1, n is 2, and t is 
0, then x is 1 or 2; 

* -(CH 2 ) V ZR8 wherein 
10 v is 0 or an integer of 1 to 4; and 

Z represents 



^ or 



R8 is selected from the group consisting of: 
alkyl of 1 to 12 carbons; 
15 aryl of 6 to 10 carbons; 

heteroaryl comprising 4-9 carbons and at least one N, O, or S 
heteroatom; 

arylalkyl wherein the aryl portion contains 6 to 12 carbons and 
the alkyl portion contains 1 to 4 carbons; 
20 heteroaryl-alkyl wherein the aryl portion comprises 4-9 

carbons and at least one N, O, or S heteroatom and the 
alkyl portion contains 1 - 4 carbons; 
-C(0)R9 wherein R^ represents alkyl of 2 - 6 carbons, aryl of 6 • 
10 carbons, heteroaryl comprising 4-9 carbons and at least 
25 one N, O, or S heteroatom, or arylalkyk in which the aryl 

portion contains 6-10 carbons or is heteroaryl comprising 
4-9 carbons and at least one N, O, or S heteroatom, and 
the alkyl portion contains 1-4 carbons; 
and with the provisos that 
30 - when R8 is -C(0)R 9 , Z is S or O; 

- when Z is O, R 8 may also be -(CqH2qO) r R^ wherein q, r, and 

R5 are as defined above; and 

- when said A unit is phenyl, said B unit is phenylene, m is 1, 

n is 2, and v is 0, then x is 1 or 2; and 
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10 



20 



* -(CH2)wSiR 10 3 wherein 

w is an integer of 1 to 3; and 

RlO represents alkyl of 1 to 2 carbons; 

mav bear up to two substttuents selected from the group consuung of 

-(CH2)vN(R")CORl2, -OC(R")20-in which both oxygen atoms are 
-{^nyyWK > COR* 1 -(CH2)vCON(R u )2, 

connected to the aryl ring, •<^ CO *' K "^ 4 3 i , md 
-(CH 2 )yC02R 11 f -(CH2) y OCOR"' -halogen, -CHO,-CF 3 , N02, is*. 



-R* 2 , wherein 
15 yisO-4; 



Rll represents H or alkyl of 1 - 4 carbons; and 
Rl2 represents alkyl of 1 - 4 carbons; and 



H 

,13 N — N 



(e) G represents -PO3H2 , -M, 
wherein 



.C-N-C-M • — C-H-fi-M - or y 



M reprints -CO2H, -CON(R">2, or -CO*": and 
R 13 represents any of the side chains of the 19 noncychc naturally 

25 occurring amino acids; 

and pharmaceutical^ acceptable salts thereof. 

2. A compound of claim 1 wherein at least one of the units A, B, T. and R* 
comprises a heteroaromatic ring. 

30 3. A compound of Cairn 2 wherein a, .east one of said A and B units 
comprises a thiophene ring. 



4. A compound of claim 2 wherein said D unit is a carbonyl group. 
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5. A compound of claim 2 wherein in said E unit n is 2 and m is 1. 

6. A compound of claim 2 wherein said G unit is -CO2H. 

5 7. A compound of claim 1 wherein 
A is 

B is p-phenylene; and 

aryl portions of aryl-containing T and moieties contain only carbon 
10 in the rings. 

8. A compound of claim 7 wherein said D unit is a carbonyl group. 

9. A compound of claim 7 wherein in said E unit, n is 2 and m is 1. 

10. A compound of claim 7 wherein said G unit is -CO2H. 



15 



11. A compound of claim 7 wherein 
m is 1; and 

20 is an independent substituent. 

12. A compound of claim 11 having the formula 



25 




O 

G— Chfe-CKR 6 -COfeH 



wherein 

x is 1 or 2; and 

one substituent T is located on the 4- position of said A ring, relative to 
the point of attachment between said A and B rings. 



30 
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13. A compound of claim 7 wherein 
m is 2 or 3; and 

when m is 2, both groups R* are independent substituents, or together 
constitute a spiro ring, or one group R* is an independent 
substituent and the other constitutes a spiro ring; and 

when m is 3, two groups R* are independent substituents and one 
group R6 constitutes a ring, or two groups R6 constitute a ring and 
one group R6 is an independent substituent, or three groups R6 are 
independent substituents. 



10 



14. A compound of claim 7 wherein 
m is 1 or 2; and 

when m is 1, the group R 6 constitutes a nonspiro ring; 
when m is 2, both groups R* together constitute a nonspiro ring or one 
15 group R6 is an independent substituent and the other constitutes a 

nonspiro ring. 

15. A compound of claim 14 wherein 

said E unit is selected from the group consisting of 



20 



?-(H 2 . a R 6 aC) c (CR* a H 2 . a)d -| ^-(H 2 . a R 6 a C) c (CR 6 a H 2 . a ) d - 
(H^rtCb— eWbH,*) (H 1 . b R s > Ch-<CR 6 0 H 1 . b ) 

( V 14 >* ( T (R,4)k 

NCeH 2 e-kK . \C g H 2g . 2 . K r . 



>-(H 2 . a R 6 a C)c jp*.»Wi 

(H^C) (CRPbHi*) 



and 



( A-(R ,4 ) k 

^(CiH^u/ 



25 



Wheremais0,l,or2 ; bis0orl;cis0orl ; dis0orl;c + dis0orl;eisl 
- 5- e is 3 - 5; i is 0 - 4; k is 0-2; the total number of groups Ro ISO, 1, 
or 2; U represents O, S, or NR*; and each group RM is independently 
selected from the group consisting of: 
» alkyl of 1 - 9 carbons; 
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* arylalkyl wherein the alkyl portion contains 1-7 carbons and the 

aryl portion contains 6-10 carbons; 

* alkenyl of 2 - 9 carbons; 

* aryl-substituted alkenyl wherein the alkenyl portion 

contains 2-4 carbons and the aryl portion contains 6-10 
carbons; 

* alkynyl of 2 - 9 carbons; 

* aryl-substituted alkynyl wherein the alkynyl portion 

contains 2 - 4 carbons and the aryl portion contains 6-10 
carbons; 

* aryl of 6 - 10 carbons; 

* -COR2; 

* -C02R3; 

* -CON(R2)2; 

* -(CH2)tR 7 wherein 

t is 0 or an integer of 1 - 4; and 

* -(CH2) V ZR 8 wherein 

v is 0 or an integer of 1 to 3; and 
Z represents -S- or -O. 

A compound of claim 15 having the formula 




25 wherein 

the subscript x is 1 or 2; 

one substituent T is located on the 4- position of said A ring, relative to 

the point of attachment between said A and B rings; and 
e is 2 or 3. 

30 

17. A composition having matrix metalloprotease inhibitory activity, 
comprising a compound of claim 1 and a pharmaceutical^ acceptable 
carrier. 



10 



15 



20 

16. 



247 



PCT/US95/14002 

WO 96/15096 

,8 A method of treating . human to achieve an effect, wherein the effect 
is; alieviation of osteoarthritis, rheumatoid arthritis, septtc arthn , 
periodontal disease, corneal ulceration, proteinuria aneurysmal aort c 
disease, dystrophobic epidermolysis bullosa, conditions leadtng to 

5 Mammal responses, osteopenias mediated by MMP activtiy, .empire, 
mandibularjotn. disease, or demyeiating diseases of the nervous sysfem 
re«ardauon of nunor metastasis or degenerative cartilage loss followmg 
traumatic join, injury; reduction of coronary thrombus from 
atherosderotic plaque rupture; or improved bird, control; the me hod 

,0 comprising administering an amount of a compound of dam, 1 whtch s 
"Jove i inhibit the activity of a. leas, one matiix me.atiopro.ease m 
said human, thereby to achieve said effect. 

19. The method of claim 18 wherein the effect is alleviation of 
15 osteoarthritis. 

20. The method of claim 18 wherein the effect is retardation of tumor 
metastasis. 

20 21. A compound having the generalized formula 



25 





T represents a substituent group, and 
x is 1 or 2. 



30 22. A compound .of ^£^,££3? 
identified as examples 1-5, 13-22, 26, 5\, w > 
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23. A compound of claim 22, wherein said compound is one of the 
following listed materials: 

Example No. Name 

196 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2- 
(phenylthiomethyl)butanoic acid 

197 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2S- 
(phenylthiomethyl)butanoic acid 

198 4~[4-(4-chlorophenyl)phenyl]-4-oxo-2/?- 
(phenylthiomethyl)butanoic acid 

114 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2-(3- 
phenylpropyDbutanoic acid 

1 15 444-(4-chlorophenyl)phenylJ-4-oxo-2/?-(3- 
phenylpropyDbutanoic acid 

1 16 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2S-(3- 
phenylpropyDbutanoic acid 

144 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2-[2-(3-N,N- 
diethylcarbamoyl)- phenyljbutanoic acid 

145 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2S-[2-(3-N / N- 
diethylcarbamoyl)- phenyljbutanoic acid 

146 4-[4-(4-chlorophenyl)phenyl]-4-oxo-2R-[2-(3-N,N- 
diethylcarbamoyl)- phenyljbutanoic acid 

85 4-[4-(4-pentyloxyphenyDphenylJ-4-oxo-2-(3- 
phenylpropyDbutanoic acid 

86 4-[4-(4-pentyloxyphenyl)phenylJ-4-oxo-2S-(3- 
phenylpropyDbutanoic acid 

87 444-(4-pentyloxyphenyl)phenylJ-4-oxo-2/?-(3- 
phenylpropyDbutanoic acid 

99 4-[4-(4-benzyloxyphenyl)phenyl]-4-oxo-2-(3- 
phenylpropyDbutanoic acid 

100 4-[4-(4-benzyloxyphenyl)phenyl]-4-oxo-2S-(3- 
phenylpropyDbutanoic acid 

101 4-[4-(4-benzyloxyphenyl)phenylJ-4-oxo-2R-(3- 
phenylpropyDbutanoic acid 
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4-t4-(4-chlorophenyl)phenylH-oxo-2-(2- 
phthalimidoethyDbutanoic aad 

4-[4-(4-chlorophenyl)phenyl]-4-oxo-2S-(2- 
phthalimidoethyDbutanoic aad 

4-[4-(4-chlorophenyl)phenyl]-4-oxo-2R-(2- 
phthalimidoethyDbutanoic acid 

trans-5-[4.(4-cWorophenyl)phenylcarbonyl]-trflns.2- 
phenylthio- cydopentanecarboxyhc aad 

thiocyclopentanecarboxyhc aad 

thiocyclopentanecarboxyhc acid 
trflns-5-l4-(4-chlorophenyl)phenylcarbonyl]-cis-2-(2- 
methoxycarbonyl- 

phenylthio)cyclopentanecarboxyhc aad 



(lS,2S,5S)-trans-5-[4-(4- 



acid 

(lR,2R,5RMrans-5-l4-(4- 
acid 

trflns-5-l4-(4-chlorophenyl)phenykarbonyl]- 

tnws-2-phthalimido- 
methylcydopentanecarboxyhc aad 

US,2R£SMrflns-5-[4-<4- 
chlorophenyDphenylcarbonyll-trans-2 
pShatoidomethylcyclopentanecarboxyhc 

acid 

(lR,2S,5RMr«ns-5-[4-(4- 
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24. A method for preparation of a compound having matrix 
metalloprotease inhibitory activity and the generalized structure 





-CH 2 CHC0 2 H 



5 wherein T is halogen, x is 1 or 2, and 
R6 is: 

a) arylalkyl wherein the aryl portion is phenyl and the alkyl portion 
contains 1-4 carbons; or 

b) -(CH2)tR 7 wherein t is an integer of 1 - 5 and R 7 is an N-imidoyl group 
10 containing an aromatic residue; 

comprising, in accordance with general method B, the following steps: 
1) reacting a T-substituted halomethyl biphenyl ketone 




15 



with an R 6 -substituted 



dialkyl malonate, to yield 




20 



2) converting the latter to the corresponding diacid or acid-ester, and 

3) heating to cause decarboxylation and produce the desired product. 



25. A method for preparation of a compound having matrix 
metalloprotease inhibitory activity and the generalized structure 



25 




wherein T is halogen, x is 1 or 2, and 
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R6 is -(CH2)vZR8 wherein v is 1, Z is S, and R8 is aryl of 6 - 10 carbons or 
arylalkyl wherein the aryl portion contains 6 to 12 carbons and the alkyl 
portion contains 1 to 4 carbons, 
comprising, in accordance with general method D, the following steps: 

; 1) reacting 

with R8SH in the presence of a suitable catalyst, to yield the desired addition 
product. 

26. A method for preparation of a compound having matrix 
metalloprotease inhibitory activity and the generalized structure 



10 



15 



25 




wherein T is halogen, x is 1 or 2, and _ 
R6 is -(CH 2 ) t R 7 wherein t is 1 and R? is an N-imidoyl moiety contammg 



an aromatic residue, 
Q 




20 comprising, in accordance with general method K, the following steps: 
1) reacting 

n COjR 




.CHO 



with a reducing agent to convert the -CHO group into the alcohol -CH2OH; 

2) converting said alcohol into a derivative which comprises a readily 
displaceable group; and 

3) treating said derivative with a base and an imide containing an 
aromatic residue, to yield the desired product. 
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27. A method for preparation of a compound having matrix 
metalloprotease inhibitory activity and the generalized structure 

_ _ Q ^ 

m; 0^0^"^ c ° 2H 

wherein T is an ether -OR 4 wherein R 4 is alky] of 1 - 6 carbons, or benzyl; 
x is 1 or 2; and R6 is arylalkyl wherein the aryl portion contains 6 - 10 carbons 
and the alkyl portion contains 1 - 8 carbons; comprising, in accordance with 
10 general method F, the following steps: 

1. treating an organometallic of formula (T) X A-Met wherein T is an ether 
-OR 4 , A is phenyl, x is 1 or 2, and Met is a metal atom, with an aromatic of 
formula 

=\ 9 r 



^ y~C-CH 2 CHC0 2 H 



15 wherein X is halogen or Triflate, in the presence of a soluble complex of 
palladium, to cause coupling with resultant formation of the desired 
compound. 

28* A method for preparation of a compound having matrix 

20 metalloprotease inhibitory activity and the generalized structure 




wherein T is halogen or an ether OR 4 wherein R 4 is alkyl of 1 - 12 carbons or 
25 arylalkyl in which the aryl portion contains 6-10 carbons and the alkyl 

portion contains 1 - 4 carbons, x is 1 or 2, and R 6 is -(CH2)vZR 8 wherein v is 0, 
Z is S , and R** is aryl of 6 - 10 carbons or arylalkyl wherein the aryl portion 
contains 6 to 12 carbons and the alkyl portion contains 1 to 4 carbons, 
comprising, in accordance with general method G, the following steps: 
30 . 
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1. treating 



out of conjugation 




with base to move the double bond 



with the ketone carbonyl group, forming 




and thereafter treating this 
compound. 



is material with HSR* to yield the desired addition 
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